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THE EFFECT OF BILE SALTS ON RECOVERY OF LIVER 
FUNCTION AFTER RELEASE OF C0:MA[0N 
DUCT OBSTRUCTION^ 

A. L. Bermax, Ph.D., E. Sx.app, il.S., axd A. C. I\'V, M.D.. 
Chicago, III. 

(From Ihc Department of Fhpsiotoffp and Fharmacotogu, Xorthicestem University 

Medical School) 

T here is the impression in surgical and clinical medicine that the 
administration of bile salts, orally or intravenously, will increase 
the rate of elimination of bile pigments aceumnlatcd in the blood stream 
because of biliary obstruction or liver damage. A number of surgeons, 
such as Boyce’' - and Finsterer^ have used dehydrocholic acid intra- 
venously in the postoperative management of patients in -whom gall 
bladder or biliary tract surgery had been performed. They report an 
improvement in the general condition of the patients and a decrease 
ill the intensify of the jaundice, as ivcll as an increased “flushing out’* 
cfCect of the biliary passages. Ilowevci-. they present no accurate 
studies on the rate of oUmiuation of bile pigment, and one simply gets 
the impression that a decrease in jaundice oceurred simultaneously with 
the use of bile salts. Appel and Janhclsoid’ used sodium dehydro- 
cholate in aiscnieal hepatitis due to ncoar.sphenamine in.jeetions, and 
although their data and re.sult.s are not decisive they conclude that 
recovery from jaundice and toxic hepatitis due to ai'senieal drnns was 
greatly facilitated in many eases In'dlie use of ^sodium dehydrochulatc. 
It is obviously difficult, if not' impossible, to control such observations, 
in view of the fact that the hopafie damatre in-csent is .stib.iect to wide 
variation. This is evidenced by the fact that (a) in severe hcjiatitis 
bile salts do not provoke a ciioieresis and are not eliminated in the bile: 
(b) after the release of obstruction bile salts may not appear in the 
iiile for from two to ten or more days; and (c) in the presence of a 
normal liver a choleresis jiroduced by bile .salt.s does not increase the 
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elimination of bile pigment. Such evidence does not preclude tlie 
possibility, however, that when the liv^er does recover sufficiently to 
be stimulated by bile salts, their administration vuU not increase the 
elimination of pigment when much is present in the body. Yet, it 
must be remembered that much of the pigment in javuidiee is in tlie 
tissue where it is relntirely Sxed, as compared to that in the circulation. 
A search of the literature lias not revealed adequatel,y controlled experi- 
ments which demonstrate that the use of bile salts increases the rate 
of removal of bile pigment from the blood. 

An investigation of this question ivas begun. In our first experi- 
ments'^ anesthetized biliary fistula dogs were used and jaundice was 
produced by the intravenous injection of large amounts of com- 
mercially prepared bilirubin. Prom this study we concluded that the 
constant injection of 0.6 or 6.0 Gm. of sodium dehjulrocholate per hour 
did not increase the rate of removal of intravenously injected bilirubin. 
Hmvever, specific mention was made, at that time, that these results 
would not necessarily hold true for unanesthetized dogs or human 
beings after the relief of common duct obstruction. Since it is difficult 
to obtain patients ivith the same degree and duration of jaundice, it 
was felt that this problem could best be solved by using accurately con- 
trolled unanesthetized animals. This report is concerned with tlie 
results obtained on animals “jaundiced” for the same length of time, 
some of which were given large doses of bile salts after the relief of 
common duct obstruction, wliilo others were used as controls. 

JIETflODS 

Ilealtliy dogs weigliing between S and 14 kg. were used. Before 
operation, the animals were observed on our diet for approximately 
one week, and tliosc that manifc.stcd anorexia or distemper were dis- 
carded. A total of twenty- dogs was divided into two equal groups of 
ten dogs each; one group received bile salts, while the other group 
served as a control. At the first operation, under ether anesthesia, the 
common duct was doubb' ligated and approximately 5 mm. of the 
duct resected between the ligatures; the gall bladder was removed. 
All the dogs recovered rapidly and were allowed to remain obstniclcd 
for a period of seven days. During this time they were fed the 
standard diet of commercial dog food and milk and were observed 
daily for signs of inercasingr .iaundicc, infection, nnorexin, and general 
condition. At the end of this scvcji-day period, the bilirubin content 
of the blood and urine was determined accordintr to the method of 
Gibson and Goodrich.' Those data represent the “j)reoj)erativc” bile 
pigment values due to occlusion of tlic biliary passages (I’ablc.s I, II, 
and III). After this period of obstructive jaundice, the animals were 
rcoperafed upon under ether ane.sfhesia and the obstruct inn rerno\ed 
bv making a biliary fistula of the IJous-JIcMaster lype.-< This was done 
by putting a catiieter into the proximal portion of the cut common thirl 
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and bringing the rubber tubing to the outside, wiiere the bile was 
collected in a rubber balloon which was attached to the outside of 
the dog’s binder. One group of ten animals Avas fed 3 Gm. of keto- 
cholanic acid (ketochol) dnily with the meals; the other group Avas 
not giA'en any bile salts. We haA^e used this bile salt preparation since 
AA-e ImeAv from preAuous studies® that this preparation is a potent 
choleretic and AA'ould possibly haA’e as much effect on the elimination of 
bile pigment from the blood as anA"^ of the bile salt preparations. The 
animals AA^ere then obsei'A’ed until the jaundice disapjAcared and the 
pigment content of the blood and lu-iiie became negligible. Daily blood 
and urine A'an den Bergh determinations AA^ere made to folloAA' the 
pigment excretion, and the bile AA-as analyzed for cholic acid according 
to the Eeinhold and Wilson modification of the Gregoiy-Pascoo 
method.^® Those animals tliat did not eat or those that shoAA'ed signs of 
infection and obstruction AA’ere not included in the results. If they 
AA^ere included, our experiment AA'ould not be adequatelj’- controlled; i.e., 
AA'e haA’e kept conditions as uniform as possible, except for the presence 
or absence of bile salts and cholcresis. 

RESULTS 

Pigment Excretion. — Control Group. — After seven days of biliary 
obstruction, the blood bilirubin concentration averaged 8.9 mg, per 
cent (range 3.0 to 24.8 mg. per cent), AA'hile the urine bilirubin concen- 
tration aA’eraged 13.9 mg. per cent (range S.O to 23.9). The aA’cragc 
time for the disappeai’ance of the bile pigment from the blood and 
urine Avas six and five days, respectively. Most of the animals had 
normal urine and blood pigment concentrations in three or four days, 
but in tAA’o cases. Dogs 5 and 7, ai)proximalely tAvo Aveclvs Averc reciuired 
for the complete removal of the excess pigment, fidiese tAA-o dogs did 
not eat so AVell as the others, AA’hich means they Avere more affected by 
the condition than aa-jis indicated by the bilirubin data or the intensity 
of jaundice. 

Bile-Salt Group. — W hen 3 Gm. of kcfocholanic acid was admin- 
istered daily the accumulated bile pigment Avas removed from the 
blood in five days and di.sappeared from liie urine in four da.vs. The 
preoperative blood and urine pigment concentrations Averc 0.7 and 8.0 
ma. per cent, respect ivel.v, Avhich aa-rs slightly les.s than the values 
obtained in the control group. Tables I and II giA-e the results of the 
individual groups and Table III contains the average results as a basis 
for comparison. It is obA’ious fioni the.se results that the administration 
of a potent eholcretic in laruc daily doses did not simiifieantly inereasc 
the rate of removal of bile piirment from the blood. 

Jiccovern of ChoUr Acid Out irnf.—^VUnt cricct docs the admmhtration 
of bile salts have on the speed of ivcowry of cholic arid .synthesis after 
the relief of common duet ohslrm-fion? In this Avorl: Ave ha.l an 
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excellent opportimity to study and attempt to ans-\vei* tins practical 
clinical question. In both groups, cholic acid was found in the bile 
specimens during the first day after release of the common duct obstruc- 
tion. The concentration of cholic acid became normal in one or two 
days, Imt the total daily cholic acid output did not become noi-mal, 
in both the control and bile-salt group, until the fifth postoperative day 
on the average. None of the animals approximated normal total cholic 
acid output in less than three days, while only three of the twenty dogs 
took more than six days for cholic acid recovery. The average total 
daily cholic acid output in the control group was 1,187 mg., the range 
being from 840 to 1,495 mg. per day. In the bile-salt group the average 
daily output Avas 1,136 mg. Anth a range of 782 to 1,464 mg. These 
average figures compare favorably AAuth the normal control values 
obtained in a preAuous study'’ on approximately seventy-fiA-e biliary 
fistula dogs. TIuis, it is quite apparent that the administration of bile 
salts did not increase the speed of cholic acid recoA'ery after relief from 
biliarj' obstruction. The results of preA’ious studies shoAV that cholic 
acid synthesis is not affected by ketochol or the ketocholanates, AA'hieh is 
the reason AA'hy ketochol is advantageous for a study of this tj-pe. If 
Avc liad used natural bile salts or nonoxidized cholic acid derivatives, 
we should have had to calculate cholic acid synthesis.'* 


DISCCSSIOX 

By a series of controlled experiments Ave have attempted to ansAver 
tlie question: “Does the administration of bile salts increase the speed 
of disappearance of jaundice and return of cholic acid output after the 
relief of biliaiy obstruction?” It is cA'ident from the results sIioaati in 
Table III that large doses of ketocholanic acid had no significant effect 
on the rate of elimination of bile pigments from the blood and urine, 
though the aA-erage trend, Avhich may have been due to chance, is favor- 
able. The bile pigment Avas remoA-ed from the blood and urine in the 
control group in six and five days, respectively; five and four days, 
re.spectively, in the bile-salt series. Althoucrh there is a difference of one 
day betAveen the control and bile-salt gi'oups, this is in no AA'ay statis- 
tically siunificant, especially since there aaus much overlapping in the 
tAvo groups, and since the preopcratiA’c blood and urine pigment con- 
centrations in the treated group AA’as less than the control group. 'We 
find that these rc.snlts may haA'c been predicted by the results obtained 
on total i)ie:incnt otUjnit aa'Iicu large doses of bile salts and acids AA'cre 
administered to normal dogs and uorinal biliary fistula dogs. Dragstedt 
and Mills"' " in a fcAA' experiments on unanosthetized dogs found that 
the intravenous injection of sodium dehydrocholate had no effect or 
appealed to augment .slightly the rate of removal of intravenously 
inject 111 hiliriibin. In previous stmlic.-^"' avc found that the dailv .'Klmin- 
islration of and 5 ..f the .salts of various bile acid prej.ar.it ions 
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to healthy biliarj' fistula dogs did not increase tlie daily pigment out- 
put over tlie control A'alues. Thus, we have shown that the administra- 
tion of bile salts will not definitely increase the rate of removal of bile 
pigment from the blood in normal and palhologic experimental animals. 

Since the bile acids have been shomi to be a product of the liver 
exclusively,^^ a number of investigators have determined the bile acid 
concentration in drainage bile and have used this test as an index of 
hepatic function. Greene, Walters, and Fredrickson,^* in a group of 
9 patients with gall bladder or common duct draiiiage, showed that in 
3 patients with biliarj* obstruction, but possessing normal livers, the 
total bile acid output, determined as glyeocholic acid, reached the 
maximum output of approximately 2.0 6m. per day almut the fifth or 
sixth postoperative day. In tliose jiatients with cirrhotic livers or 
severe hepatitis and cholangitis the cholic acid output was less than 
0.5 Gm. per daj' after two weeks of drainage. Ravdin and co-workers’” 
studied liver bile obtained by means of a T-tnbe from 19 patients with 
complete common duet obstruction of a week’s duration or more. In no 
case were bile acids present in the first specimens obtained, and 
generally bile acids, as determined by the Gregory-Pascoe mctliod, first 
appeared from one to four weeks after release of the obstruction de- 
pending on the degree of liver damage and cholangitis. However, no 
attempt was made to correlate the duration of obstruction with the 
return of bile acids in the bile. Gray and co-workers,”' in a group of 
50 patients with T-tubc drainage of the common duct, because of 
occlusion, found that in 21 cases with a "normal” liver, diagnosed 
by mapociion, the concentration of bile acids graduall.v reached a fixed 
level of 2.0 Gm. per 100 c.c. of bile on the fifteenth to the twenty-first 
days. In 29 patients wiio showed varyiiig degrees of liver damage, 
classified as mild to severe, the bile acid concentration ranged from 
1.1 to 0.1 Gm. per 100 c.c. respectively, on the fifteentii day. Greene 
and co-workers,” in a recent rcjmrl, found in 25 patients with aj)- 
parently "normal” livers, that the bile salt concentration of 800 mg. per 
cent was reached iji five days after relief of commoii duct oI).st ruction. 

In those ca.ses with moderate or severe liver damage, tiie recovery was 
tmicli slower and .soitie of the .severe ca.ses ticvei- rc(uni(>d to normal 


during the period of drainage, further, the.se invesfigators admin- 
istered mi.xed l»ile salts to the patients in tlieii- series and found tliat 
this treatment had no effect on tlie concent rat ion of bile salts in the 
fistula bile but did markedly imi>rovj‘ tlie clinical condition of tlieir 
patients. :i fact which we ha\e noted in a large ruimher of our biliary 
fistula does .siifiVrine from partial obstruction or liejiatitis. 


Jti our scries of twenty animals in wbich release „f eomnion duel 
obsirnetion was performed .la>.s after tl>e occlusion of the duef. 

the total .hulv cholic acid output .ctmud to normal in npj.ro.simatcly 
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five days. In two dogs, Nos. 5 and T o£ the control group, the cholie 
aeid recovery occurred only after ten and nine days, respectively. 
These animals refused to eat during the early po.‘5l operative period and 
only began to eat about one iveck after the operation. Two animals in 
the bile-salt series. Nos. 6 and 7, had low cholic acid outputs of S96 and 
782 mg. per day, which can he attributed to the fact that these animals 
ate very little during the recovery period. Thus, anorexia and diet are 
important factors in the recovery of cholic acid output after relief of 
biliary obstruction. Greene and associates^' have reported that the 
administration of large amounts of dextrose by venoelysis improved the 
bile salt secreting function of the liver. Further, our results and those 
of Greene and co-workers'' show that the administration of bile salts 
was not efficacious in increasing the concentration or total daily output 
of bile acids in fistula bile. We used large amounts of a potent chol- 
eretic, 3 Gm. of ketocholanie acid daily, since wc believed that a brisk 
cholere.sis would “hush out” the biliaiy passages and thus tend to aid 
in the recovery of the liver. It mirst be kept in mind, however, that a 
severely diseased liver can secrete copious quantities (cholerrhagia’®) 
of a highly pigmented bile which contains little or no bile salts, or can 
secrete a pigmented bile which contains no bile salts. 

SUMAIAUY .\ND CONCLUSIONS 

We have studied the effect of bile salt administration on (1) the 
elimination of bile pigment from the blood and urine, and (2) the 
recovery of cholie acid after release of common duct obstruction. Jaun- 
dice was produced in twenty dogs by doubly ligating the common bile 
duct and resecting a portion of the duct. After seven days of com- 
plete obstruction, the animals were converted into biliai-y fi.stula dogs 
according to the Rous-i\Ic^Iaster method. One group of ten animals was 
fed bile salts while the other groui> of ten animals served as a control. 
Three-gram daily doses of ketocholanie acid (ketochol) during the post- 
oi)erativc recovery period did not increase the rate of removal of the 
exce.ss bile pigment from the blood and urine. In both groups the pig- 
nu'iit disa])])earcd from the blood and urine in approximately five days. 
'I’lie normal total cholic acid output of ai>proxinia1ely 1.2 Gm. ])er day 
occurred, in both groups, on the average, five day.s after release of the 
common duet obstruction. It was found that the early return of ])re- 
operative e.ating habits was an important index of the recovery of cholic 
acid; wherea.s. tlie administration of bile salts seemed to jday a minor 
role in improving the bile salt secreting function of the liver. Since we 
liave lound previously that the administration of bile salts to animals 
with eomiilele obstruction of the common bile duct doe.s not affect 
longevity and does no ai)p;ircnl harm.’'' tlie administration of bile salts 
in the pre^eiiee of ji damaged liver is not (•ontraindic.-iteil. 
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BLOOD STUDIES DURING ANESTHESIA 
Referexce to Infections and Noninfections 
J. D. Martin, Jr., M.D,, and Roy Robertson, B.S., Atlanta, Ga. 

(From the Department of Surgery, Emory University School of Medicine) 

M any factors are involved in the causation of convulsions during 
anesthesia. Primarily the condition of the patient and the nature 
of the anesthetie agent are direetlj' concerned ivith each occurrence. 
There have been noted various phenomena which are coincident with 
these coniTilsive seizures; namely, overdosage of the anesthetie, en- 
cephalopathy ndth nitrous oxide, impurities in the anesthetic agent, 
acute toxemia with associated hjTiei’pj'rexia, ether diathesis, excessive 
carbon dioxide, anoxia, overdosage of atropine, and numerous others.^ 
The majority of the reported comuilsions have been associated with se- 
vere infections, although they may occur in cases with no infection and 
during anesthesias of short dui-ation. 

Considerable experimentation has been performed by other workers 
concerning the blood changes during anesthesia. The majority of these 
studies were conducted during ether anesthesia. A recent study by Fay 
and others" has shown that base hound by protein is decreased sig- 
nificantly during one hour of ether anesthesia. Several investigators"'* 
have repoi'ted a depression of serum calcium during anesthesia with 
ether. ^McAllister” found that administration of this agent for one 
hour in operative patients caused an average drop in plasma volume of 
11 per cent. This loss, when calculated from the rise in plasma pro- 
tein, was 9.3 jier cent. Purtlicr evidence is presented by Searles,® show- 
ing that cell volume, platelets, and erythrocytes were increased during 
ether anesthesia. Tliis was attributed to hyperventilation with increased 
water loss and to a contraction of the spleen, forcing more red blood 
cells into the general circulation. Splenectomy reduced this change by 
approximately one-half. 

Anesthesia by intravenous in.ioclion of harhilurates has been shown to 
produce little alteration in the blood constituents. Bourne and co- 
workers' found a lowered pll, decreased carbon-dioxide comhiniii" 
power, and hydremia. Seavles” and Higgins and Corwin” reported a 
lowering of the .specific gravity of the blood during amytal anesthesia in 
animals. This was shown to he due to a dilatation of the spleen, with an 
erythrocytic infinx from the circulating blood. Hydration of the blood 
1ms been noted by Bollman and associates.'’ 

Peritonitis produces changes in the blood which arc referable to de- 
Iiydralimi, dost met ion of jn-dtein incident to infection and toxemia, and 
alU^nia imm a chloride loss by vomitinu. Orr and TTnden'" found an 
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cai’ly dro]) in chloride concenlJ'aHons oecuri’ing with expcriiiienfal 
j)ei’ilonili.s in dogs. I'liey re])orl also a rise in nrca and nonprofcin 
nitrogen with inconstant, variations in the carhon-dioxide combining 
l)ower of the plasma. In those cases in which alkalosis hcromes well 
established, there is a simnllaneons rise in the combining power of the 
plasma for carbon dioxide. 

In the light of previous inve.sligations and prompted by the oceurrence 
in two operative patients of tjiiieal anesthetic eonvnlsions, the follow- 
ing studies were carried ont. jVn attempt was made to determine in both 
the operative patient and the experimental animal the changes, incident 
to anesthesia, in blood concentration, plasma water, plasma protein, and 
the available ionic serum calcium. 

jrATRRIALS AND JIETHODS 

Part I. Surgical Cases. — Blood studies were performed on operative 
patients in the University Hospitals. Samples were obtained preop- 
eratively, during the course of the anesthesia, and at the conclusion of 
the operation. The eases were those admitted with acute septic processes. 
Essentially, these consisted of local or general peritonitis resulting from 
perforated gangrenous appendicitis. Studies of the blood were also 
carried out during anesthesia for noninfected conditions. In this man- 
ner there was formed a control series for this group. 

Part II. Experimental . — Blood examinations similar to the above were 
conducted on the dog : An attempt was made to parallel the state seen 
in the control eases in Part I. Production of peritonitis vuth subsequent 
observation of the blood during anesthesia was carried out. In these ex- 
periments the animals were anesthetized by two methods: (a) A 6.4 per 
cent solutio 2 i of sodium pentobarbital (nembutal) was injected intra- 
venously, in the proportion of 64 mg. of drug per 5 pounds of bodj' 
weight, (b) Ether was administered by the open-drop method, with an 
attempt to secure complete anesthesia with a minimum of excitement 
in the animal. 

Peritonitis was produced bj^ the following metliods : 

A. Bacterial Injections . — Intraperitoneal injections of a virulent 
strain of B. coli, grown on twenty-four hour plain agar slants and sus- 
pended in 6 per cent gum acacia solution or 12 per cent inucin solution,” 
were given. Ten cubic centimeters of the acacia solution, containing ap- 
proximately one billion organisms per cubic centimeter, was injected. 
Five cubic centimeters of the mucin solution was given. This contained 
approximately five hundred million bacteria per cubic centimeter. Each 
of these methods produced peritonitis of vaiying severity within eighteen 
to forty-eight hours. 

B Aseptic Peritonitis.— Aseptic peritonitis was produced by the 
lethod of David'= by intraperitoneal injections of 15 per cent turpen- 
tme water emulsion.' One cubic centimeter of the emulsion was used 
per kilogram of body weight. This method produced fibrinoirs peril on.l i.s 
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Avith transudate -within fort3'-eiglit hours. Best results Avere ol)tained 
after tAvo consecutiA'e injections tAventj'-four hours apart. 

C. Perforation Peritonitis. — This Avas produced bj- ligation of the ap- 
pendix and its mesenteiy. In a fcAV instances, the descending colon A\-as 
perforated or a portion of the mesenteiy of the ileum ligated. All of 
the ahoA’e operath-e procedures resulted AA-ithin forty-eight to scA-entA-- 
tAVo hours in a progressiA’e fatal peritonitis in approximately 60 per 
cent of the animals. In those surA-iA'ing, there AA'as a local peritonitis or 
a less actiA'c generalized nonfatal infection. Confirmation autopsies AA-cre 
performed. 

Normal blood samples AA’ere obtained on all dogs before peritonitis 
AA-as produced. A specimen AA-as taken at the height of the infection. 
The dog AA’as then anesthetized and samples AA’ere draAA’u at hourh’ inter- 
A’.als for tAA’O or three hours. The control animals AA’ere siinilarlA’ an- 
esthetized, a normal sample obtained as soon as deep anesthesia aa’Us 
reached, and at hourl.A’ inteiwals for tAA’o or three hom’s. 

Examinations of the blood of the operatiA’e eases and experimental 
animals AA’ere in most instances conducted as folloAA’s. Each sample aa’us 
dmded into tAA’o 1 c.c. portions, to each of AA’hich AA’as added 1 mg. of 
heparin, and a 12 c.c. portion AA’hich AA’as alloAA-ed to clot for serum. 
EA’aporation was prcvciAtcd by sealing the tubes imAAAcdi’ately after the 
blood AA’as taken. The tAA’o smaller samples Avere used in the determina- 
tion of the specific graA’ity of the aa’IioIc blood and pla.sma. The falling 
drop method of Barbour and Han\illon AA’as employed.” Total serum 
calcium AA’a.s detci’mined by the Clark-Collip modification of the Kramcr- 
Tisdall method.” Pla.sma protein Avas calculated from the plasma 
specific graA’ity according to the formula of jMoorc and Van Sh-ke.” 
loni’/.ed calcium concentrations Avere then read to the nearest teiith of 
a milligram from the nomogram adapted for clinical use by HIcLean 
and Hastings.'" The ionic calcium fraction varies directly as the total 
concent rat ion, -and indirectly Avith protein content of the plasma, and 
if these tAvo arc knoAvn for any jdasnia samidc. calculations can be made 
from their nomogram, caliliratcd by the frog lieart method. 


DISCI ’S-SION 

It is an c.stalilishcil clinical fact that anliydrcmia. from Avatcr loss or 
depriAation. lesnlts in concentration ol the blood AA'ith an cuuiA’alcnt or 
nearly c<iuivalent increase of its formed elements and chemical con- 
stituents. Hydremia in-oduccs a similar luoiiortionatc decrease in blood 
constituents. 

In the cxiiorimmital animal this proportionate chanue Avas not found 
in peritonitis, either hefore or during aiiothctization. With the develop- 
ment of Iieritonitis there AV.’IS not, si on averaue ,leerease in .serum calcium 
ot (i. l mg. t !• igs. :? .,11,1 -»). This diminution in calcium, although doselv 
apiu-oAimatmg liie limits of variation for the chemical .ieterminntion 
appeal^ to he signiileam in the light of the expected rise in.-ide,,, 
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liemoconcenlration, shown by an elevated specific gravity of whole blood 
and plasma. Ionized calcium fractions diminislied with the fall in the 
total amount. At)proximately SO per cent of the entire group of perito- 
nitis cases show such a decrease. The variable results in the remaining 
number are perhaps explained by the multiplicity of factors involved 
in the production of experimental peritonitis ; namely, the time element 
(some infections developing within twenty-four to foi’ty-eight hours, 
others requiring three to five daj^s), variations in the amount of fluids 
consumed, degrees of infection present, and others. 



Fig. 1. — Composite graphs of controls, ether anesthesia. 1, Pre-experimental 
sample; Z, after one hour of anesthesia; 3, after two hours of anesthesia; after 
three hours of anesthesia. 

In the control dog, ether anesthesia produced an increased water loss. 
Moreover, calcium decreased, instead of increasing proportionately with 
the blood protein in the process of dehj^dration. An average fall in 
calcium of 0.7 mg. is observed during the first hour (Fig. 1). At the 
end of three hours the total amount had not reached its original level. 
Ionized concentrations were lowered with the total calcium. The change 
in the ionized portion was a result of the simultaneous decrease of the 
total amount and the rise in the plasma protein. 

Barbital anesthesia, hj' intravenous injection of sodium pentobarbital 
in dogs of the control group, did not produce the progressive depression 
of ionized calcium as did ether. AVith the use of this anesthetic there 
occurred hydration of the blood, with a resultant liemodihition. This 
can be explained partly by an increased splenic reserve of red blood cells 
and partly as being due to an action inherent in the pharmacodynamics 
of the drug itself. This latter action is observed as an increase in plasma 
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water, as sIioa™ by the progressive fall of plasma protein concentrations. 
(Fig. 2.) The diminution in calcium was apparently proportional to 
the degree of hydration and is evidenced by the fixed ionic calcium con- 
centrations during the two-hour period. 

The administration of ether for a period of one liour to dogs with 
peritonitis caused a further depression of the total serum calcium, an 
average of 0.64 mg. (Fig. 3). The decreases in the ionized fractions, 
initiated by falling total concentrations, were aided by the rising pro- 
tein content. The end of two hours of anesthesia was marked by no 
further Amriation in total calcium, and only a slight rise in ionic calcium, 
resulting from a decrease in protein. This latter decrease shows a re- 
turn of Avater into the plasma, in spite of tlie continued increase of 
whole blood specifie gravity. 



Fig. 2. — Composite graphs of controls, nembutal anesthesia. 1 , Pre-experimental 
sample ; 2, after one hour of anesthesia ; 3, after two hours of anesthesia. 


In the peritonitis gi’oup given intraA’^enous anesthesia, the progressive 
fall in total serum calcium was observed. At the end of one hour little 
change is noted in total calcium, and a rise in the ionic fraction is ap- 
parent. This is explainable by an increase in plasma AA’ater, reducing 
the protein concentration and consequently releasing more caleiimi in 
the ionized foi-m. It has been shoAA-n that barbiturate anesthesia in dogs 
produces a fall in rectal temperature of tAvo to three degrees." This 
change, best shoAAm during the second hour of anesthesia, resulted in 
hemoconcentration and an increased AA'hole blood specific graA'ity. The 
concentration observed in this infected group appeared to be of greater 
ninn-nUiiJr. +han that seen in the controls and OA'ershadowed the hemo- 
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FIS' 3 — Composite s*'np!is of peritonitis, ether anesthesia J, Pre-e\periraentali 
sample; S, height of infection, just before anesthesia i\as given, S, after one hour 
of anesthesia , >, after two hours of anesthesia 



(Ca**) 


Plasma 

protein 

Ca,^ 


1.0600 

Sp. Or. 

Whole 

Blood 


1.0550 


1.0500 


■f, Pre-expcrimental 

3, after one lioui of 





MARTIX, JR., AXD ROBERTSON: BLOOD DURING ANESTHESIA 

of the second hour, concurrently inth the fall in the total amount. It 
will he noted that these results do not parallel those in the group of 
controls (Pig. 2). 

The above findings in the exiierimental animal group were essentially 
substantiated in the blood studies on tlie operative patient. A total of 
27 patients were observed, of whom 16 had ether anesthesia and 11 
cyclopropane. Each of these groups was further subdivided into the 
noninfected eases, comprising the controls, and those with septic 
processes. 

The control cases, given cyclopropane anesthesia, exhibited an average 
drop of 1 mg. in total serum calcium during the operative procedure, 
with a gain of 0.6 mg. at the conclusion of the operation. The cases with 
infection, however, showed a progi’essive drop in total serum calcium, 
an average of 0.4 mg. during the procedure, with an additional decrease 
of 0.3 mg. by the end of the anesthesia. In all cases, the degree of the 
depression of the calcium seemed to depend upon the length of the anes- 
thesia. The average length in this series was forty-five minutes. 

In the group with ether anesthesia similar changes were noted. The 
control cases exhibited an average decrease in total serum calciimi of 
0.75 mg. and in ionic calcium of 0.1 mg. during the time required for 
operative procedures. Those patients •ndth sepsis were shomi to have an 
average fall of 0.8 mg. in total calcium and of 0.3 mg. in the ionized 
fraction, during the time for operative procedures. The rather marked 
changes that occurred in some of these patients are exemplified by the 
findings in Case 2. Here the preoperative total calchmi level was 11.90 
mg., the midoperative sample 10.20 mg., and at the conclusion of the anes- 
thesia, 9.94 mg. per cent, a total drop of nearly 2 mg. This patient had 
acute gangrenous appendicitis, with local peritonitis. In Patient H. P., 
acute cholecystitis requiring cholecystectomy, an ether anesthesia of 
one hour and fifteen minutes’ duration caused a fall in calcium (total) 
from 11.80 mg. to 10.05 mg. per cent, a decrease of 1.75 mg. 

In view of the fact that the above averages in hospital cases do not 
present the striking results seen in the experimental animal, it sliould 
he pointed out that with these patients the anesthesias were of shorter 
duration and the processes less acute. The calcium depression, noted 
clinically, is substantiated by the more carefully controlled experimental 
work with animals. 

SU5HIARY 

Thero is probably no individual factor or single group of factors re- 
sponsible for the production of convulsive seizures during anestliesia. 
It is realized that conditions vary widely with each iiatient, and tliat in 
any coimilsion one or more gi’onps of diverse factors or any combination 
of tho.se may be responsible. 

Observations during convulsions in operative ]nUients liavc been made 
by other inve.stigators. In the majority of eases the convulsions w- 



18 


SURGERY 


eiuTocl in tlie presence of severe sepsis and near the termination of the 
anesthesia. In inaiiy instances, the control of the seizure was effected 
by administration of a calcium salt intravenously. 

This study consists of examination made upon the blood of operative 
patients and experimental animals diming anesthesia, both in the normal 
state and in the presence of sepsis. Studies of the amount of available 
calcium and degree of dehydration and hydration of the blood were 
carried out. 

It has been found that the available ionic calcium in the blood is de- 
creased during ether anesthesia. The duration of the anesthesia ap- 
parently determines the degree of lowering of the calcium level. 

Acute abdominal infections effect a decrease in ionized calcium in 
both the ■ operative patient and experimental animal. This change is 
further augmented during anesthetization with ether. 

The use of intravenous sodium pentobarbital does not significantly 
affect the ionic calcium levels in the control or septic state. 

In no instance, either experimentally or clinieallj^ was there noted a 
lowering of the calcium levels to wdthin the limits of those seen in tetanJ^ 
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DYNA3.IIC CHANGP]S IN EXPERIMENTAL PULMONARY 

E3IBOLISJP 

R. S. iSlEGiBOW, M.D., L. N. ILvtz, M.D, and P. S. Steixitz, M.D., 

Chicago, III. 

(From the Cardiovascular Department, ilichaet Feese Hos2>itnl> 


IXTRODUCTIOX 

A n EXTENSIVE iitexatvire has accvimvilated dealing with the hemo- 
dynamic changes and the mechanism of death following clinical 
and experimental pulmonary embolism. This has been adequately re- 
viewed in the past (jMendlowitz,^ de Takats," Horn^). These studies 
suggest that pulmonary embolism is followed by an elevation in pul- 
monary arterial pressure. Clinically, however, such evidence is in- 
ferential, no method being as j'et availalde to record the pulmonaty 
pressure in man. Experimentally, direct determinations of the pul- 
monary arterial pressure have not been made in normal anesthetized 
or unanesthetized animals. The latter would pemit a cori’elation 'with 
other circulatorj' changes and would make possible a better evaluation 
of the ensuing circulatory adjustments. In addition such studies would 
help in determining the evolution of the various changes leading to 
death and would thus help in establishing tlie thei-apeusis on funda- 
mental physiologic principles. Such a method is now available'*'® and 
the perfection of technique in its use in our laboratory' has led us to 
reinvestigate the dynaniie changes following experimentally produced 
prdmonary embolism. 

METHODS 


The tecluiique of applying the cannula about the pulmonary artery' 
consists essentially in the application, under strictest asepsis, of a 
specially designed silver cannula around the puhnonarj- artery by an 
exposure through the third or fourth left intercostal space, Tlie incision 
hs closed tightly in layers, all the air entrapped in the pleural camty 
ri'iiioved and the dog is then allowed to recover. 

In an attempt to simulate as closely as possible the syndrome of clin- 
ical pulmonary embolism, observations have been carried out in tlu'ce 
types of preparations, namcl.v; (1) IVith an embolus composed of 
Penrose tubing filled with fluid, similar in all respects to that described 
by Mendlowitz.* This is analogous to clinical involvement of the main 
pulmonary artery or its two major divisions. (2) With emboli com- 
posed of pea seeds, prepared and administered according to the method 
of Bin gor, Brow, and Branch.® This is the counterpart of multiple 
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clinical embolism of the moderately sized radicles of the pulmonary 
arteries. ( 3 ) Witli emboli composed of starch grannies suspended in 
saline solution ])repai'ed and administered, except for a more rapid 
injection rate and larger do.sage, according to tlie method of Binger 
and co-workers.'’ This simulates multiple clinical embolism of the pul- 
monary arterioles and capillaries. 

Fourteen dogs were \ised in this study. One week following insertion 
of the pulmonary cannula, the animal was prepared for the tj^pe of 
embolus desired. Both before and at frequent intervals following in- 
duction of pulmonary emlmlism, simultaneous pulmonary and systemic 
arterial blood pressures were obtained using the Hamilton needle 
11101101110161’,^“ according to the technique previously described by us.” 
Arterial pulse wave contours were obtained at fast camera speeds to 
demonstrate that the needles were within the arterial lumina. Systemic 
venous pressure was recorded by a water manometer from one of the 
superficial veins of the forelinib. The respiratory rate was determined 
by actual count over one miniite, while the heart rate was determined 
from the optically recorded pressure curve. 

It was possible to follow the changes after the passage of the “Mendlo- 
witz embolus” in the unanesthetized dog, the right external jugular 
vein needed for the insertion of the embolus being exposed under local 
(procaine hydrochloride) anesthesia. On the other hand, in the ex- 
lieriments ivith pea seeds and starch granules, anesthesia was required 
because of the restlessness and excitement induced by the embolism in 
the dogs. The animals, therefore, were kept lightly anesthetized with 
nembutal intravenously. Subsequent studies of ours have showm that 
the dynamics following embolism are little if at all altered by general 
anesthesia. 

Autopsies w^ere performed to note the position of tlie emboli as w'ell 
as the effect upon the lieart, lungs, and otljer viscera, and in the starch 
oranule experiments the extent and degree of occlusion of the pul- 
monary arterioles and capillaries w'ere estimated microscopically. 


RESULTS 

A characteristic expei-iment for each type of embolism is summarized 
in Tables I, II, and HI. 

I Controls. Since the “Mcndlowitz embolus” is forced into tlic 

circulation by the injection of 100 to 150 c.c. of normal saline solution, 
and as much as 200 c.c. of saline solution is employed in the starch emboli 
Ixperiments, the changes evoked by rapid fluid administration were 
accordingly studied for pur])0.scs of control in two unane.sthetizcd dogs 
l,v inieetinn- 1,50 c.c. of normal saline solution in fifteen seconds through 
‘vo 13 needle inserted into the right e.xternal jugular vein. The in- 
action was followed by a transient rise i.i systolic pulmonary and .sys- 
temic pre.ssures lasting ten to fifteen minutes, rc.spiration and heart rate 
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clinical einl^olisin of Iho moderately sized rjidieles of the pulmonary 
arteries. (3) With emboli composed of .starch granules suspended in 
saline solution pi'epared and administered, except for a more rapid 
injection rate and larger dosage, according to the method of Binger 
and co-workers.” This simulates multiple clinical embolism of the pul- 
monary arterioles and capillaries. 

Fourteen dogs were used in this study. One week following insertion 
of the pulmonary cannula, the animal was prepared for the tjT>e of 
embolus desired. Both before and at frecpient intervals following in- 
duction of pulmonary embolism, simultaneous pulmonary and systemic 
arterial blood pressures were obtained using the Hamilton needle 
manometer,’" according to the technique previously described by us.” 
Arterial pulse wave contours were obtained at fast camera speeds to 
demonstrate that the Jieedles were within the arterial lumina. Systemic 
venous pressure was recorded by a water manometer from one of the 
superficial veins of the forelimb. The respiratory rate was determined 
by actual count over one minute, while the heart rate was determined 
from the optically recorded pressure cui’ve. 

It was possible to follow the changes after the passage of the “Mendlo- 
witz embolus” in the unanesthetized dog, the right external jugular 
vein needed for the iiisertion of the embolus being exposed under local 
(procaine hydrochloride) anesthesia. On the other hand, in the ex- 
periments with pea seeds and starch gi’anules, anesthesia was required 
because of the restlessness and excitement induced by the embolism in 
the dogs. The animals, therefore, were kept lightly anesthetized with 
nembutal intravenously. Subsequent studies of ours have shown that 
the dynamics following embolism are little if at all altered by general 
anesthesia. 

Autopsies were performed to note the position of the emboli as well 
as the effect ttpon the heart, lungs, and other viscera, and in the starch 
granule experiments the extent and degree of occlusion of tlie pul- 
motiary arterioles and capillaries were estimated microscopically. 

RESULTS 

A characteristic experiment for each type of embolism is summarized 
in Tables I, II, and III. 

I Controls. Since the ‘‘Mendlowitz embolus” is forced into tlie 

circulation by the injection of 100 to 150 c.c. of normal saline solution, 
and as much as 200 c.c. of saline solution is employed in the starch emboli 
experiments the changes evoked by rapid fiuid administration weie 
acLrdiimly studied for purposes of control in two unanesthetized dogs 
1 V iniecthio- 150 c.c. of normal saline solution in fifteen seconds through 

Xo 33 needle inserted into the right external jugular vein. The in- 
Vnllowed bv a transient ri.se in systolic pulmonary and .sys- 
temic pressures lasting ten to fifteen minutes, re.sinration ami heart rate 
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Dyspnea and moderate tachypnea rvere noted usually coincidentally 
■with the rise in pulmonary arterial pressure. The changes in respira- 
tion tended to hecome progressively more severe, until terminally when 
respiration usually slowed markedly and heeanie gasping in character. 
Cyanosis appeared at some variable time after embolism and when once 
apparent it progressively intensified. 

Tachycardia followed embolism in 2 dogs; presumably terminal 
ventricular fibrillation supei-seded the sinus mechanism in 1 of these 
animals. In the other 2 animals the ehanges in rate were minimal, 
except that terminally tlie rate slowed in 1 of them. 

in. Effect of Minor Mnltiplc Puhnonarij Embolism . — 

A. Multiple Embolisji of Moderately Sized Arteries. — At autopsy, 
in the 4 dogs in which pea-seed embolism was studied, the findings were 
similar to those described liy Binger and associates.® The seeds were 
covered with fibrin and ante-mortem clot and appeared to have com- 
pletely occluded the moderately sized bi’anehes of the pulmonaiy ar- 
tery. The lungs were characteristically pale containing minimal quan- 
tities of blood while the right heart was constantly dilated. 

The mode of seed administration varied in the different animals. 
Two dogs received a total dose of twenty peas at one time, while the 
other 2 dogs received thirty-five and fifty pea seeds in divided doses, 
respectively. The characteristic response to seed embolism was an 
abrupt rise in sj^stolic and diastolic pulmonaiy pressures. 'Whether 
administered in single or dimded doses, pulmonary hjy)ertension, once 
it appeared, became progressively more marked until terminally when, 
in the 3 animals in which readings were obtainable, the puhnonary 
pressure tended to fall rapidly toward zero. This would indicate that 
once a sufficient number of seeds have been administered to impose 
some resistance to blood flow through the pulmonary eircuit, further 
elevations in pulmonarj* pressure become roughly quantitatively de- 
pendent upon increasing degrees of mechanical obstruction to the 
circulation through the pulmonary arteries. The progressive pul- 
monary lijyertension noted following cessation of seed administration 
can therefore only be explained on the basis of increasing obstruction 
occasioned presumably by the addition of ante-mortem thrombi upon 
the pea seeds, or much less likely by a reflex pulmonary vasoconstriction. 

The .systemic arterial pressure, after fifteen to thirty minutes, rose 
moderately in 3 dogs. It then tended to fall to the control level and was 
so maintained until terminally when simultaneously with the pulmonary 
pressure it also declined rapidly. The venous pressure alterations in 
the pea-seed embolism were not striking; 2 dogs e.xhibited a slight rise, 
while the remaining dogs showed insignificant variations. 

( hanges in respiration occurred eoincidentalh' with or soon after 
the appearance of pulmonary hypertension and consisted of progressive 
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I’eniaining luicliaiigecl. (Table I.) The slight rise in systolic arterial 
pressure apparently is due to the increased output of the ventricle. 

In two dogs in which Ihe Mendlowitz embolus was used, autopsy re- 
vealed obstruction of the inferior and superior vena cava respectively, 
These dogs may therefore serve as further controls, in one of these an- 
imals the embolus was found bung in the cavity of the right auricle 
partially obstructing the inferior vena cava. No changes were noted in 
this animal over the three-hour period of observation. At the end of 
this time the dog was sacrificed and at autopsy the heart appeared 
grossly normal. In the other animal in which the embolus at autopsy 
was found Ijdug partly within the superior vena cava and partty within 
the right auricle, no change in pulmonaiy pressure, systolic arterial 
pressure, or heart rate was observed. However, a slight increase in 
the rate and amplitude of respiration and a tremendous increase in the 
venous pressure were noted. The resi)iration gradually returned to nor- 
mal, but the venous pressure remained elevated during the entire period 
measured. At autopsy, the heart and lungs appeared grosslj’^ normal. 
The obstruction was sufficient in this animal to have induced a superior 
vena cava syndrome. 

II. Effect of Major Pulmonary Emholism . — Major pulmonary embo- 
lism using the ilendlowitz embohis was successfully induced in 4 dogs. 
In 2 of these dogs a riding embolus of the main pulmonaiy arteiy was 
found at necropsy and in the other 2 dogs a complete embolic occlusion 
of the right branch of the pulmonaiy artery had oceurred. In all 4 
animals the right heart appeared markedlj^ dilated, while the coronary 
veins stood out distinctly and definitelj^ overshadowed the coronary 
arteries. In 1 dog ivliich died seven minutes after passage of the 
embolus, the lungs appeared pale and ischemic; in the remaining 3 
dogs, in which death did not occur for periods of four to forty-eight 
hours, the lungs presented gi-oss evidences of earty pulmonary edema 
with focal areas of congestion. All 4 animals presented moderate to 
marked passive hyperemia of the liver. No other significant abnormal- 
ities were evident at necropsy'. 

The passage of the embolus was followed by an abrupt increase in 
both svstolic and diastolic pulmonary pressures. The rise persisted with 
minor" fluctuations throughout the period of observation. In 2 dogs 
1 relatively small rise in systemic systolic and diastolic pressures oc- 
curred • in' the other 2 no change was observed. Aftei' a variable period, 
the svstemic arterial pressure tended to fall, reaching sliock level in one 
(3of * Venous pressure rose in the 3 animals in which it was measured. 

I do<^ in which multiple readings were obtained, it was found that 
the elevation in venous pressure was gradual over a period of houi-s and 
Incurred some time after the rise in pulmonary pressure. This would 
,!dieate the time lag necessary to induce a degree of venous distention 
.reat‘ enough to record venous pressure elevation. 
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Dj'spiiea and moderate tachj’^pnea wei’e noted usually eoincidentally 
with the rise in pulmonary arterial pressure. The changes in respira- 
tion tended to become progressively more severe, until terminally when 
respiration usually slowed mai’kedly and became gasping in character. 
Cyanosis appeared at some variable time after embolism and when once 
apparent it progressively intensified. 

Tachycardia followed embolism in 2 dogs; presumably terminal 
ventricular fibrillation superseded the sinus mechanism in 1 of these 
animals. In the other 2 animals the changes in rate were minimal, 
except that terminally the rate slowed in 1 of them. 

III. Effect of 2Iinor Multiple Pulmonary Embolism . — 

A. Multiple Bmbolisji of IModerately Sized Arteries. — ^At autopsj^, 
in the 4 dogs in which pea-seed embolism was studied, the findings were 
similar to those described by Binger and associates.® The seeds were 
covered with fibrin and ante-mortem clot and appeared to have com- 
pletelj' occluded the moderately sized branches of the pulmonary ar- 
tery. The lungs were characteristically pale containing minimal quan- 
tities of blood while the right heart was constantly dilated. 

The mode of seed administration varied in the different animals. 
Two dogs received a total dose of twenty peas at one time, while the 
other 2 dogs received thirty-five and fift}-- pea seeds in dmded doses, 
respectively. The characteristic response to seed embolism was an 
abrupt rise in systolic and diastolic pulmonary pressures. Whether 
administered in single or divided doses, pulmonary hypertension, once 
it appeared, became progressively more marked until terminally when, 
in the 3 animals in which readings were obtainable, the pulmonary 
pressure tended to fall rapidly toward zero. This would indicate that 
once a sufficient number of seeds have been administered to impose 
some resistance to blood flow through the pulmonary circuit, further 
elevations in pulmonary pressure become roughly quantitatively de- 
pendent upon increasing degrees of mechanical obstruction to the 
circulation tlu’ough the pulmonary arteries. The progressive pul- 
monary lu’pertension noted following cessation of seed administration 
can therefore only be e.xplained on the basis of increasing obstruction 
occasioned presumably by the addition of ante-mortem thrombi upon 
the pea seeds, or much less likely by a reflex pulmonary vasoconstriction. 

The -systemic arterial pressure, after fifteen to thirty minutes, rose 
moderately in 3 doss. It then tended to fall to the control level and was 
so maintained until terminally when simultaneously with the pulmonaiy 
pressure it also declined rapidly. The venous pressure alterations iii 
the pea-seed embolism were not striking; 2 dogs exhibited a slight rise, 
while the remaining dogs showed insignificant variations. 

Changes in re.spiration occurred coincidentally with or soon after 
the appearance of iiulmonary hypertension and consisted of progressive 
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dyspnea and tachypnea with an apparent increase in amplitude. 
Terminally, however, when the piilmonury and systemic arterial 
pressures began to fall rapidly, respiration slowed markedly and became 
stertorous. Increasingly severe cyanosis which became intense ter- 
minally was observed in all animals. 

Changes in heart rate wei’e inconstant. In 2 dogs progressive tachy- 
cardia developed, with the apparent advent of ventricular fibrillation 
terminally in 1 dog. In the remaining dogs variations in the cardiac 
rate were minimal until terminally Avhen a marked brad 5 'cardia appeared 
Avith rates of 54 and 12 per minute. The exact nature of this brady- 
cardia whether of sinus origin, or due to the development of complete or 
to partial A-V block, or to some other mechanism, Avas undetermined. 

B. Multiple Embolism of Pulmonary Arterioles and Capillaries. — 
A 1 :20 suspension of starch granules in distilled Avater Avas used in all 
4 animals studied. Tavo dogs received a total dose of 50 c.c. of the sus- 
pension in one injection A\diile the remaining 2 dogs received total 
amounts of 75 and 200 c.c. of the suspension, in divided doses. 

At necropsy, the findings Avere essentiallj’^ alike. The right heart 
appeared markedly dilated. The lungs Avere pale pink with no apparent 
gross edema fluid. Microscopically, however, small focal areas of con- 
gestion scattered throughout both lung fields Avere occasionally ob- 
served. In random sections, the granules appeared primarily to have 
occluded the arterioles, only an occasional granule being found bulging 
a capillaiy Avail. Embolization Avas diffuse and extreme, practically all 
the pulmonary arterioles appearing to have been involved. 

The pulmonary arterial pressure shoAved an abrupt rise in its systolic 
and diastolic levels. The eleAmtion in pressure could be integrated 
with the increased pulmonary arteriolar resistance due to the mechanical 
obstruction by the starch granules in the arterioles, since repeated 
doses of the suspension produced further increments of pressure eleva- 
tion. HoAvever, it Avas noted that one dog receiving a single dose of the 


suspension developed a further rise in pulmonarj" pressure after the 
initial elevation, possibly as a result of a gradual dispersion of the 
granules to previously nonoccluded arterioles or by reflex pulmonary 
arteriolar vasoconstriction. Terminally in 3 of the 4 dogs, the pul- 


monary pressure shoAA^ed a moderate decline. 

The systemic arterial pressure changes Avere not striking. This con- 
fims similar observations by others.'--'" HoAvevcr, an increase in pulse 
ressure and a fall in diastolic pressure such as has been reported b.A' 
Bin”-er and associates” Avas not observed. NotcAvorthy was the fact that 
■ 1 do" each injection of starch suspension resulted in a slight fall in 

ivstemic pressure folloAved by a rapid return to the control level. 
Terminally in 1 dog the systemic pressure fell to shock levels. This fall 
oincided Avith a .similar though ]e.ss marked decline in pulmonary 


arterial pressure. 



MEGlBOW ET AE. : EXPERUIENTAL PULMOXARY EJIBOLISJI 27 

111 contradistinction to Dunn''- ivho observed no conspicuous venous 
pressure alteration we found tliat the A’enous pressure rose gradually 
in 3 dogs and fell in 1. This latter decline coincided ivitli a fall in 
both the systemic and pulmonary arterial pressures. The data in this 
latter animal are significant since the pulmonary pressure was still 
found at mildly hj’pertensive levels when compared with the control 
readings at a time when a marked systemic arterial hypotension and a 
marked fall in I’-enous pressure were present. 

Coincident with the develoinnent of pulmonary hypertension, 1he 
rate of respiration increased. Once present, tachjTinea progressively 
increased, being most marked at the time of death. In contradistinction 
to the labored, deepened, and more rapid respiration following major 
and seed embolism, the respiration following starch embolism was 
not labored and as the rate increased the amplitude appeared to decrease 
proportionallj^. During the period of tachypnea, cyanosis constantly 
developed and in all instances became intensified terminally. 

In the 2 dogs in which the heart rate was determinable, progi’essive 
tachycardia accompanied the development of pulmonaiy hypertension 
and tachjTinea. 

DISCUSSION 

A. Circulatory Changes FoUoivhig Pulmonary Emiolisni . — These in- 
vestigations indicate that the initial and primary effect of major and 
multiple minor pulmonary embolisms is an abrupt rise in systolic and 
diastolic pulmonarj^ pressures. On the basis of the pea seed and starch 
grannie embolism it would seem that up to a certain limit indicating 
complete obstruction the magnitude of pulmonary pressure elevation 
varies direct^ with the degree and extent of the mechanical obstruction 
to blood flow through the lesser circuit. It has been shoivn that follow- 
ing massive pulmonary embolism there is a fall in the minute volume 
output of the heart.' Although no measurements of cardiac output 
ivere performed in these experiments, using the systemic arterial blood 
pressure as one index of cardiac minute output, our results with starch 
embolism would offer suggestive eiddence that similar hemodynamic 
changes follow multiple minor embolism. Such decreases in cardiac 
minute output appear to depend upon the degi’ee of mechanical obstruc- 
tion in the pulmonary bed. However, the relative stability of the 
systemie aiterial pressure despite the presumptive decrease in cardiac 
output u ould indicate that the buffer nerve mechanisms caused 
peripheral ^ a.soconstriction to maintain the blood pi'essure level. 

The changes in venous pressure were variable. Sometimes it remained 
unchanged, more frequently it rose, occasionally it fell. A.side from the 
remote possibility of active local neurogenic venous vasoconstriction or 
dilatation, the .systemic venous bed functions in a passive manner, venous 
pressure changes being dependent upon tlic relationship of cardiac out- 
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dyspnea and lacliyj^nea witJi an apparent increase in amplitude. 
Terminally, however, when the pulmonary and sj’^stemic arterial 
pressures began to fall rapidly, respiration slowed markedly and became 
stertorous. Inci'easingly severe cjmnosis which became intense ter- 
minally was observed in all animals. 

Changes in heart rate were inconstant. In 2 dogs progressive tachy- 
cardia developed, Avith the apparent advent of ventricular fibrillation 
lerminally in 1 dog. In the remaining dogs variations in the cardiac 
rate were minimal until tenninally when a marked bradycardia appeared 
Avith rates of 54 and 12 per minute. The exact nature of this brady- 
cardia AAdiether of sinus origin, or due to the development of complete or 
to partial A-V block, or to some other mechanism, Avas undetermined. 

B. Multiple Embolism of Pulmonary Arterioles and Capillaries. — 
A 1 :20 suspension of starch granules in distilled Avater Avas used in all 
4 animals studied. Tavo dogs received a total dose of 50 c.c. of the sus- 
pension in one injection AAdiile the remaining 2 dogs received total 
amounts of 75 and 200 c.c. of the suspension, in divided doses. 

At necropsy, the findings Avere essential^ alike. The right heart 
appeared markedly dilated. The lungs Avere pale pink Avith no apparent 
gross edema fluid. Microscopically, hoAVCA'er, small focal areas of con- 
gestion scattered throughout both lung fields Avere occasionally ob- 
served. In random sections, the granules appeared primarily to have 
occluded the arterioles, only an occasional granule being found bulging 
a capillaiy AAmll. Embolization AAms diffuse and exti’eme, practically all 
the pulmonaiy arterioles appearing to have been involved. 

The pulmonary arterial pressure shoAA'ed an abrupt rise in its systolic 
and diastolic levels. The elcA^ation in pressure could he integrated 
with the increased pulmonary arteriolar resistance due to the mechanical 
obstruction by the starch granules in the arterioles, since repeated 
doses of the suspension produced furtlier increments of pressure eleva- 
tion. However, it Avas noted that one dog receiving a single dose of the 
suspension developed a further rise in puhnonaiy pressure after the 
initial elevation, possibly as a result of a gradual dispersion of the 
granules to previously nonoccluded arterioles or by reflex pulmonary 
arteriolar vasoconstriction. Terminally in 3 of the 4 dogs, the pul- 
monary pressure shoAved a moderate decline. 

The'systemic arterial pressure changes aa'ci-c not striking. This con- 
firms similar obserAmtions by others.*®-'^ IIoAvever, an increase in pulse 
•essure and a fall in diastolic pressure such as has been reported by 
Bki"er and associates'’ Avas not obsen-ed. Noteworthy was the fact that 
^ 1 do«- each injection of starch .suspension resulted in a sliglit fall in 
iPTTiip nressure folloAved by a rapid return to the control level. 
SerminallA' in 1 dog the systemic pressure fell to shoclc levels. This fall 
•ncided*Avith a similar though Ic-ss marked decline m pulmonary 

arterial pressure. 
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final picture presented in these experiments. Eelative coronary insuf- 
ficiency with consequent myocardial ischemia develops and the heart 
then begins to fail. Heart failure is progre-ssive, but may be gradual, 
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in which ca.se doatli apjiarently re.sulls from extreme right iieart failnre 
(h'ip:. 1) ; or it may be rapid, in which ca,se death presents itself as the 
picture of what has been termed hypokinetic circulatory failure (Fig. 
2). The mechanism is, liowever, .still the same and represents the .syn- 
drome of a right heart that cannot meet if.s load. This viewpoint co- 
ineides with experimental observations on the mechanism of heart failnro 
made in this laboratory.'- 


RtOlONAU VA50CONSTB1CTION CONTRACTION Of SPLECN 
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put to llic venous returii and subject to changes in tlie amount of blood 
in circulation. The effect of obstruction secondary to pulmonary em- 
bolism upon venous pressure is twofold and antagonistic. By obstruct- 
ing the flow of blood through the pulmonary bed it tends to cause 
accumulation of blood in the rigid heart and systemic veins and so tends 
to raise the venous pressure, while by decreasing tlie juinute volume 
output of the heart it reduces the venous return and so tends to lower 
the venous pressure. The net effect of these two actions will then 
determine the level of the venous pressure at any inslant (except so far 
as chaiiges in the amount of blood in circulation come into play) . Thus 
when the fall in cardiac minute output is disproportionally greater than 
the stasis behind the pulmonary obstruction as indicated by the eleva- 
tion of pulmonary pressure, the venous pressure will decrease. If on 
the other hand the reverse be true, the venous pressure will rise. The 
rise in venous pressure is to be considered as an indication of the mech- 
anism by which the right heart is enabled to attempt to meet the 
heightened resistance to emptying. By increasing its diastolic volume 
the right ventricle is enabled to perform a greater amount of work per 
stroke. 


Because of a decrease in cardiac output it has been postulated' that the 
essential cause of death in pulmonary embolism is a specific type of 
hypokinetic circulatory failure secondaiy to obstruction in the lesser 
circuit. In the majority of the experiments we noted that the venous 
pressure rose following pulmonaiy embolism. Such elevation associated 
with a normal systemic arterial and an elevated pulmonary arterial pres- 


sure persisted in some animals until death. In otlier animals, howevei-, in 
spite of an elevated pulmonary pressure both the systemic arterial and 
venous pressures tended to fall, reaching shock levels in some instances. 
Such evidence would superficially indicate that some dogs died ap- 


parently as a result of a gradual failure of the right heart indicated 
by a rising venous pressiire while others died as a result of peripheral 
circulatory collapse indicated by a falling systemic arterial and venous 
pressure. ' Careful analysis of the data shows that the two conditions arc 
interrelated and are really variants of the same phenomenon. Es- 
sentially one primary mechanism is operating in the death of all those 
animals. We believe that the primaiy fault lies in the ])resence of a 
foreimi object, the embolus in the pulmonary arterial tree. This objeel 
acts as a direct mechanical deterrent to the blood flow through the 
mflmonary circuit. If such an obstruction is not complete, the essential 
Lehanism insuring an adequate flow is accomplished by an increase in 
work of the ri<"ht ventricle. With more complete obsiruefion the 
work of the riRht heart approaches a maximum, and wlnm in spite of this 
t i.omns to fall, peripheral vasoeonstrietioii follows to 

aid in maintaining the moou 
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death in pulmonary embolism, particularly since the nerves exert no 
powerful effects, and, in the dog at least, the vagal fibers are dilators.-" 
It was observed that ventricular fibrillation apparently developed in 
some of the animals and appeared to be the immediate cause of death. 
It appears more logical, therefore, to believe that such an ectopic rhj’thm 
may develop in clinical eases and is the more likely cause for some cases 
of rapid, “sudden” or unexpected death. This ectopic rhythm, or the 
premature systoles that lead to it, may be of neurogenic reflex origin, 
with the efferent path sometimes being over the vagi. In this ivay 
rather than by a coronary vasoconstriction can the possibility of “re- 
flex death” be accounted for. 


SUMMARY AND CONCLUSIONS 


1. The mechanism of death and the eirculatoiy changes folloM’ing 
major and multiple minor experimentally produced pulmonary em- 
bolisms have been investigated in fourteen normal anesthetized or un- 
anesthetized dogs by directly measuring pulmonary and systemic arterial 
pressures, the systemic venous pressure, heart and respiratory rates. 
A modification of the London cannula was used to obtain tlie pulmonary 
pressure. 

2. Major and multiple minor pulmonary embolisms are followed by 
the development of systolic and diastolic pulmonary hj-iiertension. 
Systemic arterial pressure changes are not striking. Systemic venous 
pressure most frequently rises ; rarely it falls or shows no change. Heart 
rate changes are inconstant. Ventricular fibrillation appears terminally 
in an occasional animal. Rapid respiration develops, usually coinci- 
dentally with or soon after the appearance of pulmonary hypertension, 
and tends to progressively increase. Most frequently progressirm 
cyanosis accompanies the respiratory changes. 

3. The theory of reflex coronary vasoconstriction as a cause of 
“sudden death” finds little support in these experiments, since mechan- 
ical factors are enough to explain the possible changes in coronary circu- 
lation. 

4. The cause of death in pulmonary embolism appears to be due to a 
rapid or slow failure of the right hcaif, resulting from the pulmonary 
vessel obstruction, so-called hypokinetic circulatory failure being in 
reality rapid right heart failure. 


We are indolited to JIi.es L. Friedbcrg. Mr. M. Feinstein. anU Jlr. K. As!\«r for 
tcclmlcnl asslstnnce in these experiments. 
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B. Mechanism of Death in Experimental Puhnonanj Enibolism . — In 
these and in a series of experiments that will form the basis of subsequent 
reports dealing wifli the effects of various therapeutic agents on and the 
mechanism of dj^spnea and tachj’pnea in experimental pulmonarj^ em- 
bolism, we have observed no instance of so-called “sudden death.” 
Pilcher^® has stated that one need not invoke reflex mechanisms to ex- 
plain sudden fatalities in pulmonary embolism, sufficient anatomic 
changes being always present to account for the death in such cases. 
Various investigators,^"’ however, have postulated sudden vagal 
stimulation with reflex coronary vasoconstriction to explain cases such 
as these and present electrocardiographic evidence to support these 
contentions. As further proof they indicate that the electrocardio- 
graphic patterns are improved by abolishing vagal activity either sur- 
gically or pharmacologicallj’. Before this view is accepted, it is neces- 
sary to consider the factors which influence coronary flow relative 
to the needs of the heart. As the Avork from this laboratory-“'=^ has 
shoAvn, total coronary floAV depends upon a number of factors among 
which are: (1) the pressure in the aorta Avhich determines the coronary 
driving force, the floAV varjdng direct^ Avith the pressure; (2) the extent 
of extravascular compression, the floAv varjdng inversely AAdth the degree 
of compression AA’hich is determined by the distention of the heart; 
(3) the presence of local tissue metabolites in the mjmeardium Avhich 
accumulate in anoxemia and ischemia and tend to dilate the coronaiy 
arteries and so increase the coronary floAV; and (4) the degree of 
Thebesian vein and coronary sinus floAv AA’hicli varies inverseb’ Avith the 
height of the pressure in the right Amntricle and auricle, respectivelj-. 

PolloAA’ing pulmonary embolism aa'c liaA’e demonstrated an increase in 


pulmonary pressure and presumably therefore in right ventricular pres- 
sure. This b.y increasing exlraA’ascular compression and by affecting 
the Thebesian veins AA’ill lend to diminish coronary floAv. The elevation in 


right auricular pressure as sIioaa’u by ele Action in venous pressure also 
operates to decrease coronary floAV by sloAving the emptying of the 
coronary sinus and veins draining into it. When to this is added the 
fact that the AA’ork of the right A’entriele increases as a result of the 
embolus, as shoAvn by the rise in pulmonary pressure, one need postulate 
no theoretical coronary vasoconstriction to account for the electrocardio- 
o’raphic changes, for such changes can be readily explained on the basis 
of relatiA’e coronary insufficiency brought on by the net effect of the 
aforementioned factors. No change in driving force occurs to eorn- 
nensate for these factore since no striking change m .systemic arterial 
nressure occurs to increase coronary floAV. In fact, terminally the drop 
In svstemic arterial pressure Avoiild be a further factor in sloAving the 
coronary flow at that time. There is no rea.son to believe that metabolites 
r flilntor n-iturc compensate for this decrease in relative coronary flow. 
^1 view of the.se laJ, there is little to .support the reflex theories of 



EEDUCTION OF SUPKACONDYLAR FRACTURE IN CHILDREN 

Verxok L. Hakt, M.D., SIinxeafolis, Mixx. 

S UPRACONTIYLAR fracture of the elbow with displacement of hone 
fragments and marked generalized swelling about the elbow presents 
a very difficult problem for the physician and a serious one to the child. 
Immediate manipulative reduction in acute flexion is the ideal treat- 
ment of the fre.sh fracture before swelling develops, iilanipulative re- 
duction in acute flexion, liowever, is not the ideal method of treatment 
of the fre.sh fracture associated with marked swelling and blebs. I have 
treated this group of children during the past ten years by a method 
which has proved so efficient that I now wish to present it to the profes- 
sion. 

A Kirsehner wire is drilled transversely through the proximal end of 
the shaft of the iilna (not through the olecranon process) to obtain four 
or six pounds of skeletal traction (Pigs. 3 and 4). Either local or 
general anesthesia may be used. The line of skeletal traction is directed 
upward and forward in relation to the elbow since the distal fragn^ent 
of the fractured humerus is posterior and proximal (Pig. 1). Counter- 
traction is ol)tained through the patient’s body weight and by attaching 
a weight of about one to three pounds to a padded linen towel which is 
placed over the abducted arm (Figs. 3 and 4). The enth-e arm extends 
beyond the edge of the bed. The bed may be elevated several inches on 
the side of the injured arm or sand bags may be placed betAveen the 
mattress and spi-ings above and below the arm to protect the child 
from the danger of falling out of bed. 

Ulnar or radial displacement of the di.stal fragment of the humerus 
can be corrected by digital pressure and connter pressure (Fig. 2). The 
hand is supported Avith the help of a hand grip AA’hile the forearm is 
supported by a circular piece of felt Avhich is pinned to the traction 
apparatus (Figs. 3 and 4). 

Reduction of the fracture is a gradual proce.ss. Good reduction can 
alAvays be accomplished if treatment is started Avhile the fracture is 
Ire.sh or before the formation of callus. I liaA’c seen considerable callus 
lormation in supracondylar fractui’cs of children ten days after the 
injury. Anterior and lateral portable radiograms are obtained and 
studied as freciucntly as necessary. 

Active exercises of the fingers, thumb, and Avrist as Avell as pronation 
and supination of the forearm are encouraged at the A'ery beginning. 
Active elhoAv exerci.ses are started as soon as radiograms rcA'cal callus 
format ion. Ihe .skeletal traction treatment is continued until radiograms 

Keculvrd for imbllcatlon, March 24, 1941. 
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Fiff. 2. — ^Anteroposterior radiogram of supracondylar fracture of elbow showing 
ulnar displacement of the distal fragment of the humerus. This displacement is 
readily corrected by digital pressure. The reduction is maintained bv continuous 
horizontal traction attached to the ulnar end of the Kirschner wire. "With radial 
displacement of the distal fragment the traction would be attached to the radial end 
of the Klrschner wire. 
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This method of gradual reduction of supracondylar fracture in chil- 
dren is advised Avhen immediate manipulative reduction fails or when 
manipulative reduction is contraindicated because of extensh'e hemor- 



Fig. I. — See opposite page for legend. 

ibasc and marhed sicnevalized swelling of the elbow. Tlie method is ideal 
I)ocause it is mcehanically cfliciont, the patient is eomfovtablc, the ex- 
tremity is elevated, and the entire extremity is exposed for vigilant in- 
spection of the integrity of the circulatory and neuromuscular systems. 
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demoiisti ate adequate union, whicli is usually at the end of tliree or four 
weeks from the date of the original injury. All apparatus is then re- 
moved and the patient becomes ambulatory with the forearm and elbow 
supported by an ordinary sling which is removed several times daily 
for physiotherapj'' which includes active assisted objective exercises. 
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RHOADS AND KASINSKAS : EXPERIMENTAL FRACTURE 

of the study. Hypoproteiiiemia was induced by a low-protein diet and 
repeated plasmapheresis. This method not onlj’’ reduces the plasma pio- 
tein concentration but depletes the labile protein reserve of the body as 
a whole. The diet was designed to be adequate for all of the animal’s 
requirements except protein. It was made up as follows: eaiiots, 4.5 
kg.; turnips, 4.5 kg.; rice, 2.0 kg.; oleomargarine, 1.6 kg.; cod-liver oil, 
100 c.c. ; bone ash, 50 Gm.; sodium chloride, 100 Gm. ; yeast concen- 
trate, 5 Gm. 

A. 










B. 

Fig. 2. — A, Roentgenogram of left foicleg of Dog 699 forty-ftve days after fracture 
of the ulna. The animal was hypoproteinemic during this period as shown in Fig, 1. 
B. Roentgenogram of right foreleg of Dog 699 thirty-nine days after fracture of the 
ulna. The plasma protein concentration had been restored to normal. There is a 
greater amount of callus visible by x-ray. 


The carrots and turnips were coai'sely ground and boiled for twenty 
minutes with the rice. Tlie otlier ingredients were then added with tiie 
exception of the cod-liver oil and yeast, which were not added until the 
mixture liad cooled. The stock food was carefully mixed and refriger- 
ated. The protein content of the diet was approximately 1 per cent. 
The dogs were given as much as tlie 3 ' desired evciw daj’. 

Plasmapheresis was carried out b.v aspirating blood from the femoral 
artery into sterile 250 e.c. centrifuge bottles containing sufficient sodium 
citrate to prevent coagulation. After centrifugation the plasma was 
aspirated from the bottles and the cells diluted with normal saline solu- 
tion and returned, usually within an hour, to the animal from which it 
had been taken. Tlie bleeding was carried to the point of mild air 
liunger. It was usually possible to remove 350 to 400 e.c. of blood at 



THE INFLUENCE OP HYPOPEOTEINEMIA ON THE POR3VIATION 
OP CALLUS IN EXPERIMENTAL FRACTURE 

Jonathan E. Rhoads, M.D., and Williaji Kasinskas, B.A., 
Philadelphia, Pa, 

(From the Harrison Department of Surgical Fesearch, Schools of Medicine, Vniversity 

of Fennsylvania) 

rr YPOPROTEINEMIA has been shown to retard healing in soft tissue 
wounds in dogs,^’ “ and it has recently been shown that hypoprotein- 
emia is frequentlj^ present in patients Avith Avonnd disruption.^ These 
observations and the well-known relationship between the serum calcium 
and the serum proteins suggested that hypoproteinemia might also exert 
an adverse influence on the healing of fractures. In 1937 KernAvein^ 
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jpj'p- 1. — Plasma protein levels of hypoprotcincmic dogs from bcfoic time of fracture 
until bypoproteinemic regimen was completed. 


found that fracture liealing in rabbits A\-as retarded by starvation. A 
protein deficiency very probably developed in these animals, but as liierc 
also Avonld have been a deficiency of other factors, the experiments arc 
difficult to interpret. The folloAving study Avas undertaken to determine 
as directly as possible the effect of hypoprotcincmhi on the formation of 
bony callus following fractures in dogs. 


mrriion 

Medium-sized mongrel dogs were employed. These animals carnc f.;«m 
agricultural communities and appeared entirely normal at the begmnmg 
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Three dogs -vs-ere rendered hypoproteinemic in the late spring of 1938 
and the left nlna of each animal was sectioned about two inches above 
the distal end. A.11 the wounds healed per primam. The plasma protein 
concentrations of these animals are shown in Fig. 1. After a period of 
six weeks the hypoproteinemic regime was ended. One of the animals 
died during the summer but the other two made a complete recovery 
and were used as controls in 1939. At this time their serum protein 
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F*i^c 4 — A Uo^'Ulgf nograni of thf for^'tcs of Dog {j97 fort\ <]a\s afUr fracture of 
tho ulm. The anirn il ua** h> poproU iiif mic during tlii'- p^^norl a*. in Fig 1. 

ilx ^‘'^^'ttfccnograni of the foreleg of Dog 904 fortj dajs aftf-r friclure of the ulm, 
TJk plasma protein conc^-ntration was normal 

kncls uere within the normal range and Higli saw .section of the right 
ulna uas carried out at appioAinmtcly the .same level. Later anotlicr 
normal dog was u«cd for the third control. The x-ray evidence of callus 
formation at forty to forty-five day>. in the h\ 7 )oproteinoinic dog is com- 
paied with that seen after about tlie same interval in the noniial dog 
I !• It's 2, .5, and 4). A later comparison showing the callus formation in 
the bypoiu-otcinemie dogs at sixty to sevcni.v-fonr da}s as compared with 
that in tlu> eonliol fractuies at about sixts dav.s is shown in Figs .1 G 
and 7. ' ' - • / • 
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a time, and the procedure was carried out about three times per week 
until the serum protein level declined to below 4 Gm. per cent. Follow- 
ing tliis plasmapheresis was repeated often enough to maintain the pro- 
tein concentration at about tiiis level for a period of six weeks following 
fracture. 

A, 






1 
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Fig. 3. — A. Roentgenogram of left foreleg of Dog 700, forty clays after fiartuie of 
the ulna. The animal ^\as hypoprotcinemic during this periocl as shown in Fig. 3. 
B. Koentgenograni of right foreleg of Dog 700 thirty-nine days after fracture of the 
ulna. The plasma piotein concentration had been rcstoied to normal and moio callus 
is seen. 

During the control poriod.s tiie diet consisted of table scraps. Stock 
dogs subsisting on this diet maintain jilasma ]irotcin conconi rat ions of 
6 to 7 Gm. per cent. 

The t.'viic of fracture eliosen for the study was Gigli saw section of 
the ulna. The advantages of this fi-aeture for experimental work lie in 
the fact that the radiu-s acts as a splint and that the i)osition of the 
framncnt.s, the direction of the line of fracture, and the degree of fixation 
all arc relatively constant. The fracture is also readily accessible for 
x-rav examination. Furthermore, union occurs very slowly, Tirobablj- on 
account of tlic separation of the fragnient.s, so that callus formation can 
lie studied over a considerable period. TJic .sciiarafion of the frmrmenls 
makes it somewhat easier than usual to .stnd.v the development of bony 
callus roentgenograpbically. 
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The circulation of the hypoproteinemic animal may he considerably 
altered. ^Yhipple and his associates have noted a marked decrease in 
plasma volume in their plasma-depleted animals. It is rvell knomi that 
a large fraction of the senun calcium is hound to the seriun protein 
so that when serum protein concentration is low, serum calcium concen- 
tration is also reduced. It is not possible at the present time to state bj 
what mechanism tlie hypopi'oteinemic state interfered with the formation 
of bony callus. It is important always to keep in mind tliat hypoproteiii- 
emia is not an abnormality that exists alone but one which is associated 
with many physiologic alterations. 

A. 




B. 

FiR. 6. — .1. Roentgenogram ot left toreleg of Dog TOO sixiY-four after fracture 

.whowjng f»ome c.'illus formation. The protein depleting regime had been stopped, but 
callus formation still rotartled as compared with that seen in Fig. 6i>. b. Roent- 
genogram of right foreleg of Dog 700 slxty-thrce days after fracture. The plasma 
protein concentration was nonnal throughout this experiment. 


Tlic differences noted in these animals were consistent not only in tlie 
roentgenograms shown but in othei-s taken at intervening periods. Tlie 
use of two of the tiiroe hypoproteinemic animals as their own controls 
tends to eliminate the intlucuce of unknown constitutional and individual 
factors. It should be noted that these two animals were almost a year 
younger at the time of the hypoprotcinoTnie phase tlian at tlie time of 
(ho control fracture so that in so far as age is a factor it should have 
diminisiied tlic effect observed, 

llypoproteineiiiia has not been observed clinically by us as a cause of 
deluyeil union. Other factors induce such wide variations in the rate of 
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The fact that callus proliferation was so much more abundant in Dog 
700 than in Dog 699 is probably due to a difference in age which was not 
realized at the beginning of the experiment. Dog 699 appeared to be 
rather an old animal; whereas, Dog 700 had not attained its full growth 
when the experiment began. Both of the other dogs appeared to bo 
mature but not old. However, .their actual ages were not known. 

In all six comparisons it will be seen that less callus formation oc- 
curred when the animals were hypoproteinemie. 

A. 




B. 

piij a A. Roentgenogram ot the left foreleg of Dog C99 .seven ty-foiii ila.v.s aflei 

the fiactiire. Although the protein depleting regime had been stopped, callus i.s still 
not visible B. Roentgenogram of the right foreleg of Dog C.lil .sl.xt.v-tlirce dnjs after 
fracture. A faint zone of callus is visible which almo.st bridges the gup between tin- 
ends of the ulna. 


DISCUSSlOK 


Many factors have been studied in connection willi fracture healing. 
Some of these appear quite liasic such as calcium metabolism, and the 
influence of vitamin D, while others are more obscure, siicli as vitamin E 
and orchideetomv. Titaniin U has also been studied in this connection, 
imt the role of the plasma proteins has not received much at lent ion in 


recent years. , , i h 

Proteins arc seldom thought oi in connection with bones yet like all 

• tissues the bones undoubtedly require protein for growtii. Fur- 
° „ il.o 6i-st nhasc of fracture healing apiicars to consist in the 

1 “S OI --oc r, 

{flays a role and severe hypoproteincinia has been shoun to retard thi.s 
process scriousiy. 


SECONDARY OB POSTOPEKATWE PAROTITIS 

Gordon F. ^iLvoDiNO, ]R.D. ® and Robert B. Fricice, il.D., 
Rochester, ilixx. 

(From the Mayo Foundation and the Section on Eadium Therapy, the Mayo Cfinicj 

A lthough parotitis is a rare postoperative complication, it does 
occur Avith sufficient frequency to justify the interest of every 
physician. Numeroxis theories have l)een advanced concerning the etio- 
logic factors in this condition, chief of Avhich are (1) degeneration of 
the parotid gland as a result of high fever, (2) degeneration of the 
parotid gland attrihutahle to surgical procedures on the generative sys- 
tem, (3) the toxin theoiy, (4) involvement of the gland by infected 
emboli from the operatix-e site, (5) infection extending through the 
lymphatics from an adjacent inflammatory process, and (6) ascending 
infection of the parotid gland by way of Stensen's dnct. 

It is the consensus today that the theory of ascending infection is 
the one most tenable. Berndt. Buck, and Buxton' carried ont some 
intei’csting experimental work, in which they demonstrated the ease 
with which the parotid gland may become infected through the dxxct as 
compared xvith the hematogenous route. Seifert- also called attention 
to the infrequent appearance of suppurative parotitis in cases of 
staphylococcic septicemia. 

Tlic clinical picture of secondary parotitis nsxially is clear-cut and 
the diagnosis is made easily. Onset occurs most often between the first 
and fifth postoperative days, but it may occxir at any time. It is asso- 
ciated Avith fever, swelling oA-er the parotid gland, and in all cases some 
degree of discomfort which is most marked on opening and closing of 
the jaxv. On examination, the orifice of Stensen's dnct usxxally is visibly 
inflamed. Besides the redness and SAA-elling about the orifice, turbid 
saliva or pus may be expressed by gently massaging along the course of 
the duet. This is not necessary to make the diagnosis and is a pi'actice 
Avliich probably should be condemned bccaxise of the added discomfort to 
the patient. Rarely is the seventh cranial nerve iiiA-olvcd and then only 
when suppuration is present. 

There seems to be an almost universal misunderstanding as to the 
severity of this condition. In fatal cases the coin-se often is i-apid. but 
almost Avithout exception this is due to other pathologic processes Avithin 
the i)ody. If deatli occurs, parotitis usually is not more than a con- 
tributory cause and in many cases has disap]ioared completely before 
death. The generally held belief that parotitis is a local proce.ss pro- 
duced by an ascending infection through Stensen's duet makes it hardly 
uuderstandahlo that it could have the high mortality rate so freqnentlv 
attributed to it, Breen' found that mortality rates in indiA-idual reports 
in the literature ranged from 25 to 60 per cent. Pcarsoid quoted the 

for All’ll 2. 
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fracture repair in patients that it seems doubtful whether opportunity 
for an adequate evaluation of the role of hypoproteinemia in fracture 
healing in patients will be available to anj’^ one clinic unless in certain 
parts of the world food shortage should cause an epidemic of hypo- 
proteinemia. 



A. 



B. 
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Experimental data are presented indicating tiial sevcie liypoprnteiii- 
emi'a retards tlie formation of liony callus in fractures inodnccd in dogs 
by .ietion of the filna with a digli saw. 
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used in the intervening periods. It is hest perhaps to nse cold packs 
first ; if there is evidence of suppuration, heat in the form of poultices is 
prohahly more efficacious in localizing the process. Leithauser and 
Cantor® recommended the use of massive doses of compound solution of 
iodine (Lngol's solution). Intravenous administration of mercurochrome 
was used previously, but of late this method has been largely abandoned 
becanse of failure of support of the early belief that mercurochrome had 
a specific effect on staphylococci. 

The use of radium was recommended eaily by Rankin and Palmer and 
later by Bowing and one of us (R. B. F.) . Of the two methods of radia- 
tion therapy, namely radium and roentgen rays, the latter is probabh* 
the method of choice as the length of treatment is shortened and the dis- 
comfort to the patient uith the use of radium packs is obviated. It 
should he borne in mind that suppuration may not be evidenced by 
fluctuation because of the firm capsule which encases the gland. It is 
well, however, to wait until fluctuation is present before resorting to in- 
cision. If pus is suspected, aspiration may be of help in determining 
its presence. Numerous incisions have been recommended, but the 
Y-shaped incision as suggested by Fisher^® is perhaps as satisfactory as 
any. 

CONCLUSIONS 

From study of our series of eases of postoperative parotitis, the fol- 
lowing conclusions seem warranted. 

1. Acute, secondary parotitis is a postoperative complication which 
is rarely seen. 

2. Tlie mortality rate associated with this condition is low, but if 
suppuration occurs, morbidity may be great. 

3. The route of infection usually is by way of Stensen's duct. 

4. Prophj’lactic treatment sliould be dii’eeted to the mouth. 

а. Radiation therapy I’educes the morbidity of this complication, 

б. Surgical drainage rarely is indicated and then only in the presence 
of suppuration, 
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combined American statistics as indicating a mortality rate of 58 per 
cent, witli an incidence of the disease of 1 ease in 2,275 cases in whieli 
operations were performed. Blair and Padgett® gave a mortality rate 
of 50 per cent in their cases. Rankin and Palmer® in a review of 79 
cases collected from the literature found a mortality rate of 46 per cent ; 
Bowing and one of ns (R. E. P.)‘ found a mortality of 6 per cent. 
Talbot® was one of the first to call attention to the overemphasis wJiieh 
has been placed on the excessive mortality rates attributed to postopera- 
tive parotitis. 

Our study consisted of 190 eases of postoperative parotitis; in 81 con- 
servative measures were employed and in 109 cases radiation therapy. 
In this series 1 death could be attributed directly to the parotitis, a 
mortality rate of less than 1 per cent. The condition v'as associated 
most frequentlj^ vuth operations which involved the colon, pelvis, biliary 
tract, and stomach in that order. 

We wish to stress the low mortality rate associated with this condition, 
although active treatment is indicated when the complication is first 
noted. In 7 of 18 eases in our series in which death occurred there was 
some evidence of parotitis at the time of death. In all but 1 of these 7 
cases the coexisting pathologic processes were of such a nature that it 
is hard to conceive that parotitis played more than a contributory part 
as a cause of death. Because of the low mortality rate associated with 
parotitis we have omitted intentionallj^ any comparison of figures on the 
number of deaths of patients treated with radium as compared to those 
treated bj^ conservative measures. 

If parotitis does not have a high mortality rate, then morbidity is the 
next most important consideration. When surgical drainage of the 
parotid gland becomes necessary, it adds to the necessary period of 
liospitalization and to the expense of the patient. From this standpoint 
radiation therapy seems to have a definite place in tlie treatment of this 
complication, for suppuration occurred twice as often in the group 
treated by conseiwative measures. 

If the hypothesis that ascending infection by way of Stensen’s duet 
is most often responsible for postoperative parotitis is accepted, then 


it seems rational that all proi)hvlactic treatment should be directed to 
the mouth. This should include the avoidance of dehydration of the 
patient and careful hygiene of the mouth. Every effort should be made 
to stimulate the secretion of saliva by the use of chewing gum, sliee.s' of 


lemon and orange, or candy, and the avoidance of the use of those drugs 
which would tend to diminish llie free flow of saliva. 

Parotitis usually is treated by the conservative method or I)y irradia- 
tion Operative intervention at present is reserved for those eases in 
which suppuration oceui-s. Conservative treatment consists of the ai)- 
nlication of warm packs or ice packs and t lie use of diathermy by tlie 
airsnaced method. Diathermy by this method consists of placing the 
* •( 1 to ^ cm from the involved paroti<l gland, finis avoiding contact 

wUh the involved ti.ssue. One to two treat ment.s are given daily for 
thirtv minutes each. In addition to diathermy, hot or cold f.a<-ks are 
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be a pure strain, selected for liigli cancer incidence. Tlie mice ivere 
individually caged in galvanized iron cages, partly wire mesh and partly 
sheet. They were fed once a day in nonspill cups made from ointment 
tins, the covers of which were cut to admit the head of a mouse. The 
proper amounts of the restricted diet, fed at different ages, were meas- 
ured by putting the food into hollowcd-out lirass molds, cut to hold the 
desired quantity by weight. The diet was put into the mold, scraped 
off evenl.v, then tapped out into the food cup. A wire mesh disk in- 
serted above the food prevented spillage from lioth the restricted and 
ad libitum feeders. Tap water was continuously available. The animals 
were housed from the age of 1 month in a room with the temperature 
controlled at 80° ± 2° F., and the relative humidity at 45 ± 15 per cent 
.saturation. The animals were identified by ear tattoo. "Weights were 
recorded weekly at which time careful inspection and palpation were 
made for discovery of tumors. Tumorous animals were sometimes al- 
lowed to die spontaneously but were usually sacrificed under ether after 
the masses had become large. A complete examination was made of the 
entire mammary region in animals dying of whatever cause. The lungs 
and liver were also examined carefully, but other organs have not been 
studied consistently. Any tissue presenting an abnormal appearance at 
autopsy was preserved, and portions were sectioned, stained, and studied 
microscopically. 

The control mice were fed the diet indicated below in unrestricted 
amount. Food was kept before the animals at all times and the amount 
ingested measured by ivcighing. The restricted mice were fed an amount 
of jirotein, vitamins, and minerals approximately equal to that actually 
ingc.sted by mice eating the control diet ad libitum, but the amounts 
of carbohydrates and fat fed were reduced so as to decrease the total 
caloric intake by about one-third. It should be re-emphasized that each 
mouse was fed individually a measured amount of food. 

TAni.E I* 


< OMI’OXENT 


COXTROI. DIET KESTEKTED DIET 
n-M./IOO C.M./J00 


GUioo’so 

33 

22.0 

baril 

20 

lo..J 

f'a«oiii 

2S 

37.4 

Dry yca'-t (-\iiti(MPcr-]?u'-di Strain G7I 
l)r> ill fat fa leaf 

8 

lo.i; 

4 

3.4 

.0.3 

Salt nn.\liiret 

7 


Ki\t'n a MniiiK’nient of 0,1 o.o of I'. S P XI cod-livr 
■..iiiio .-itumint of uhi-at Rcrm oil each woek i«Wc<l birccUy to the food cui 

U atO)-.(43. MkCOi- 2 .'i, SIrSOi-IS. XaCl-G9. KCI-H2, KH..rOi-21L‘. FePO 


oil and the 
21. KI-O.OS. 


Till' coiiqiosilion of the diets employed was as indicated in Table I. 
llic comjioMtion of the re.stricted diet was calculated on the basis of 
olKcrvations on the food intake of control animals at various ages. The 
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INTRODUCTION 

'^HE possibility that dietary factors play a role in determining sus- 
ceptibility to cancer has long been recognized. A survey of the 
literature made in this laboratory revealed about 350 papers bearing 
upon the problem. This extensive literature cannot be reviewed here. 
In general it can be said that to onr knowledge there is no previous 
study in which the incidence of spontaneous malignancy has been ob- 
served in relation to variations in simple caloric intake, when the in- 
gestion of the known dietary essentials (minerals, vitamins, and amino 
acids) has been held constant. A number of workers have studied Ihe 
effects of restriction of total food intake upon cancer incidence. The 
first suggestive studies of this type in relation to incidence of sponta- 
neous mammai’y carcinoma in mice are those of Sivertsen and Hastings 
(1938). Their deduction that reduction in total food intake decreases 
the incidence was confirmed by Tannenbaum (1940). These o))servers 
have presented evidence to show that reduction in amount of all food 
elements results in a decreased incidence of spontaneous mammary eai'- 
cinoma in mice. 

It appeared to us that no satisfactory .solution of the problem of 
the influence of diet upon cancer incidence was possiI)lo unless the effects 
of alterations of individual factors in the diet were studied separately. 
We have therefore begun such a detailed analysis with an investigation 
of the incidence of mammary carcinoma in tlie CjII strain of mice in rela- 
tion to the calorie content of the did, holding all other known dietary 
essentials as nearly constant as po.ssiblo. Mice of the CJI strain were 
employed because they show a liigh cancer incidence in the virgin state, 
and our experience with A strain animals indicated that a caloric re- 
striction greatly reduced fertility. 


methods 

The C II mice employed in this .study were obtained from tlic Jack- 
son xMenmrial LaboratoVies, Bar Harbor, .ttainc, and were certified to 

— 1 I..O) n««lit!inco from .Siit>-ProJ< ot No. .im.r-.-lTl-I m. Workw I’roco "'" 

•Aided b.y from 11!“ .si»“rl--“n J oiind-tUon. 
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be a pure strain, selected for high cancer incidence. The mice were 
individually caged in galvanized iron cages, partly wire mesh and partly 
sheet. They were fed once a day in nonspill cups made from ointment 
tins, the covei's of Avhich were cut to admit the head of a mouse. The 
proper amounts of the restricted diet, fed at different ages, were meas- 
ured by putting the food into hollowed-ont brass molds, cut to hold the 
desired quantity by weight. The diet was put into the mold, scraped 
off evenly, then tapped out into the food cup. A wire mesh disk in- 
serted above the food prevented spillage from both the restricted and 
ad lihitum feeders. Tap water was continuou.sly available. The animals 
were housed from the age of 1 month in a room with the temperature 
controlled at S0° ± 2° F., and the relative humidity at 45 ± 15 per cent 
saturation. The animals were identified by ear tattoo. "Weights were 
recorded weekly at which time careful inspection and palpation were 
made for discovery of tumors. Tumorous animals were sometimes al- 
lowed to die spontaneously but were usually sacrificed under ether after 
the masses had become large. A complete examination was made of the 
entire mammary region in animals dying of whatever cause. The lungs 
and liver were also examined carefully, but other organs have not been 
studied consistently. Any tissue presenting an abnormal appearance at 
autopsy was preserved, and i7ortions were sectioned, stained, and studied 
microscopically. 

The control mice were fed the diet indicated below in unrestricted 
amount. Pood was kept before the animals at all times and the amount 
ingested measured by weighing. The restidcted mice were fed an amount 
of protein, vitamins, and minerals approximately eqvial to that actually 
ingc-sted by mice eating the control diet ad lihiinm, but the amounts 
of carbohydrates and fat fed were I’educed so as to decrease the total 
caloric intake by about one-thii-d. It should be re-empliasized that each 
mouse was fed individually a measured amount of food. 


T.\ni,E 1* 


(OMPOXEST 


Glucose 

Lunl 

Casein 

I)r\ jea-t (.Vnlipu-pr Bu-rli .Strain G7> 
Bry alfalfa leaf 
Salt juixturet 


lONTKOI. DIET 

GM./mn 

33 

20 

2S 

S 

4 


r.F.STP.K TED DIET 

r,M./mo 

22.0 

13.3 

37.4 
in.c, 

3.4 

0.3 


^amc' amount ^S'DDK-ment of n 1 cc of C S P XI co(l-Ii\er oil and the 
4, ^ ^ "I'o.at Kcrin oil o.tcli week added diroctlj to the food cup 

1 WOi-nl3. .MRCO.-2r.. MkSO.-1G. XaCl-G?. KCl-llJ. KH.-rO.-212, F. rOi-21. Kl-O.ns. 


The composition of the diets employed was as indicated in Table T. 
1 he composition of the re.strietcd diet was calculated on the basis of 
ohsen at ions on the food intake of control animals at various ages. The 
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amomits of food eaten by the ad libiUm controls studied initially and 
the food allowed the restricted mice at various ages are indicated in 
Table II. 


Tabi,i: II 
Food Intake 


age 

(days) 

CONTROLS 

GAr./XfOnSE 

RESTRICTED MICE 
GM./MOUSE 

.30- ,S5 

1.6 

1.20 

.36- 50 

1.8 

L.3G 

51-100 

2.0 

1.51 

101- 

2..3 

1.74 


It will be noted from Table I that 0.75 Gm. of restricted diet con- 
tains as much casein, yca.st, alfalfa, and salt as 1.0 Gm. of the ad libitum 
diet. 

hlice of nearly identical ages were used for the entire .study and were 
divided into the two groups by pairing animals of equal weight at the 
start of the experiment. 




A. B 

Fjff. 1. — A. Spontaneou'' mammary carcinoma incidence of \lrfjln female f'all ‘'train 
mice on the ftd libitum diet, cumulatnc o\er ‘'Ixtecn monthf' of ape li Freniienr> of 
occurrence m relation to ape of cancer Incidence in the mice* df*^^e^lhed in A 


RHSULTS 

A. Cancer Incidence and Mortedity. — The timc.s of omii-rencc of 
spontaneous mammary tumors proved a< au(oi)sy to he carcinoma, and 
the ages at death of CJI virgin female mice on ad Jihilum as cotnfiarod 
with calorie restricted diets arc i)icsenlcd in Table HI. It will be noted 
that at sixteen months of age no tumors have appeared in the I'esfrieted 
diet mice. the .same age 67 per cent of the animals fed ad lihitum 
have developed histologically verified mammary eareinoma. At sixteen 
months 57 per cent of the resfriefed mice are still alive wJiile only 2!) 

cent of the ad libitum animals .survive. Tlie distrihutiou of eaneer 
!!wklcncc witfi a-c in ad Uhilum fed mice is- .seen uraphimdly in Fiu. ], 
T Tf The cu.nulativc incidence is .shown in l-'ie. Id and the fre- 
quency of occurrence durum each age n.onfh is shoan in /-’/g. //A It 





I I'l.i t:\ 


\mII if Mui lii.i! intiii.1% iipiM.ti..! 1,1 tin tilt!, mmith i,u,l tluii llu* 

liiu'iiiiitin )tiiiutut\ nt ,ip|i' oi.tln’i «w iMii It i| rliii iiit' !i). Mith rnonfii of 
lift . 

Sniff .!( pfl .fill It! ll,f I < slliftfll ,11111, 111!., ,l,f iilii,. ;|, ll,,. sixlfCIltll 

int.iitli. it iN pi.iiiiiiiii. tt. sptfiiliii, jis |„ il„ .uiiiu.il fate (t! Ilu.^f an- 

iiiKih uith ti',pfit {(1 1 iiiiffi infi,|i 111 >• ; hf.,. fv .•f, siimw’il 

si\ lilt. Mills, oi ill, I, 111 I, It, liiiitl ui III. in.iiiiii! jiff sjtaii. It. xoml tim tiim 
1)1 iiMiNiiiuiiii (.mm ill! id. till in tin ii lontn.Is uiilioni flic nfif„',it.inf,‘ 
t.f tusiuits m iui\ nmiiinl r,nllii>n,i(,i, tins lias o-cnii.d on a did 
uhi. ll lias iiifit.istd tlio lit,- span siL-nifii-.tiilh . Tin- difi'tifiics in tin 
iiit'i t^lllt^ t‘\piti(itif ill till- tuo fiitiips an sliuun triajiliic.illy in rii: 2. 



! u' J of «* 3 U 'Hkin taU* nl \ moiH jiu» - run* A-I.< 

l*H "• Mt*< til* \ ihi* s fnt th* <t<f {ftJiu till t (’ur\« K for th* n 



sip.n bo.U -wciBlits in reHtton to nae of C.II sirem fctnale mice Cuice A-L. 
^ tlio \alue? fo. the nrf I, b, turn diet. Curie R for the restricted diet. 


It is reasonable to conelnde from tliese data that a caloric dietary re- 
driction y-hicli lias improved tlie longevity of C^H female virgin mice 
1 s also reduced mammary cancer incidence at sixteen months from a 
control value of 67 per cent to rero in a stgnificantly large series of 
imsls lilammarv tumors may still occur at older ages ,n these mice 
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but eleven months have elapsed since the occurrence of the first tumor 
in the control series ^^'ithout tumor development in the restricted an- 
imals. This period is already nearly two-thirds of the usual life span. 

B. Growth . — The mean body weights over time for the tAvo groups of 
mice are shown in Fig. 3. The caloric restriction resulted in sharp 
limitation of Aveight increase. There is little or no A’isible fat in the 
restricted-diet mice. It is Avorthy of mention that the restricted-diet 
animals Avere much more active than the ad libitum group. The ad- 
ditional energj’’ cost of exercise decrea.sed the amounts of fat and carbo- 
hj^drate available for body growth in the restricted animals and Avas 
therefore partly responsible for the Ioav bodj- weight. It is also interest- 
ing in this connection that a group of subline A strain mice maintained 
on the same restricted diet shoAved at age twelve months an aA'erage 
body AA'eight 4 Gm. greater than did the C-H mice. The tAvo strains 
shoAved identical mean body Aveights on ad libitum feeding. Olndously 
the tAvo strains respond someAA'hat differently to dietary caloric restric- 
tion. 

DISCUSSION 


The reduction of spontaneous mammary carcinoma at age sixteen 
months from an incidence of 67 per cent in C 3 H virgins on ad libitinn 
feeding to zero on a diet adequate in protein, vitamins, and minerals, 
AA’hieh has been observed in this study, appears to prove that simple 
caloric restriction can greatly reduce the frequencj’^ of cancer during 
the iLsual period of maximum incidence. In all previous Avork caloric 
restriction has been complicated by simultaneous reduction in protein, 
vitamin, and salt intake, since the diets employed Avere identical in com- 
position but different in amount in the full-fed and re.stricted groups. 


In such studies the reasonable possibility existed that a decrease in can- 
cer incidence folloAving food restriction Avas due to protein and vitamin 
deficiency rather than to caloric restriction. Furtliermore, in no pre- 
vious study have mice been caged individually and actual food intake 
of each auiiual controlled. When groups of mice are eaged together, 
the more aggressiA’c animals Avill obtain proportionately more food, 
^loreover, in previous studies on the effects of dietary restriction on 
spontaneous cancer incidence, commercially prepared animal feeds liaA'o 
been employed as part or all of the diets. Since their composition is 
uncontrollable, it seems advantageous to employ materials of knoAAUi 
composition. The ad libitum diet u.scd in this study gaA'c appreciablA- 
more t,ipid gioAAth than AA'as obtained AA’ith purina fox cIioav. 


The mechani.sm by Avhich simple caloric restriction reduces .spon- 
nmeous mammary cancer incidence is still obscure. Three kmoAAm factors 
nitlucncc mammaiy cancer frequency in mice: (1) genetic su.scopti- 
l.ility, (2) endocrine influence, and (3) milk factor (for literature .sec 
Snell, lll-ll, and Bittner, 19-10). Factors 1 and 3 are ImoAvn to’be 



M'ruii I:V 


I'lTM'iit ill llin u /, m thh •iliirly. 'I'lu- fHlcffiuiin of Viictnv '2, 
tfit' iii(tiiciii-c. is tiiii-i-rtaiii liiuhr lli<- coixlifioiH ii/jpJowJ. 

liic (’.U MiJtiii v.as fiiiplovcti in this .study ftflcr rtri al^'•Illt»t lind liPfii 
iitiidc !<> iiM' A slfiiiii iiiii'c. dill* A strain slim'.s fiittli cjuiccr tncidi'iii’f* 
only in nm!fi|ifinitis f<Tiuif<-j. ft «,'w fnund llml flic i» stn'ftcd tlh-t fc- 
iniiit'i wi'if I'ldut i vi'ly inti'i'tili' und only 15/ pc;- fi’nl bi’C/inm 
iisindJy iriily /in /(•[(('/it/d c^tiioiiiro to itudi'S of f:iiov. 7 i pofunc'V. 

.Nolle of tfiese leluilicH lieealile clineerolN, u j-r -.idt wliieli lelid.*! eorrobora- 
tion to tile eotHdiision drawn from the jn-esent sliiijy, Si'vcrthch-.'H (lif 
M'slilt was tinsalis'laelory lieeaiisf the ]i>>n)ii>!ir f/i/’t/ir bad oJn‘iou‘'‘Iy not 
lifeii eontridled, I lie A strain feninle'* wliieli Were sterile v/liile on tlie 
ea|orii'-ri strieted diet heeanie noimally fertile williin a f/'W flay.s after 
lieiinr pliieed on mf hlntiim feedinir. TJiere were, therefore, no irre- 
vei'sihle elian!.'e.s prodijeed l>y ealorje rest riet ion. 

In the (hJI strain the ineideiiee of /•aiieer is the .saim- in viritin and 
parous leinale.s. This faet does not ex/diide tlie imporlaiiee of a lior- 
nnme intfneiiee. .Vevi-i-thele.ss if sueh a faelor e.\istN it is .siifnilied by the 
endoerine oritiins. [nesiinnihly the ovariis, indejiendent of i>rc!Tnane.v. 

It is possible that calorie re.strielion either decreases the )>rotluctioii, 
iiierease.s the rate of desinietion. or increases tin' tlireshold of sensitivit.v 
of breast tissue to the hormone involved. The evidence avniJablo at 
this time doe.s not permit a tinal eonelnsion as to whetlier one of lhe.se 
idiantres aetuall.v oeenis. However, .slmlies are nmv under way de.sigiiccl 
to determine wiiefiier eastrafes siven estrotrenic matcrial.s pnrenterall.v 
sliow altered cancer iiicidi'iiee on restricted as eompared with nd Jibifum 
diet.s. and also to aseertain the dose of esiroirenie materia) neee.ssary to 
maintain e.slnis on the two diets. Hemirdiii" tlie latter it ean be said 
(bat no din'erenee i.s aiiimrent between Hie two irronjis as to .sonsitivit.v 
to e.stroi:en. 

I'^iirtlier studie.s on dietary re.strielion have liecn started in order to 
ascertain, ainont: other facts, tlie latest period in tlie life span at whieli 
tlie in.slitntion of calorie rodnetion ean sigiiificantl.v lower spontaneous 
eaneer ineideiiee. It is fnll.v reeoirnized tiial the dcfrree and the time of 
diet vestrietion neee.ssary to accomplish reduced cancer incidence are 
important ()ueslions in eonneetion with the tieneral problem, and e.s- 
])eeially in eonneetion with any bearing wliieli the results of animal 
exiicrimenlation may liave upon the Innnan cancer problem. 

COXChl^SIONS 

1 The incidence of spontaneous mammary cai-cinoma in C 3 H strain 
virgin female mice has been determined in relation to tlie calorie con- 
tent of the diet, with the protein, vitamin, and salt intake approximately 

*^"r^^striction of carbohydrate and fat intake to accomplish a re- 
duction of approximately one-third in total calories ingested resulted 
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in a change in niammaiy carcinoma incidence from 67 per cent in six- 
teen months in the controls to zero in the calorie-restricted mice. 

3. The life span of the calorie-restricted mice was considerably in- 
creased over that of the fully fed controls. 

4. Factors of possible importance in connection with these findings 
have been discussed. 
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III, Sirf* <jf' 

('m-.VN. M.S.. .M.D.. VnKMiii:.;, Mi-.-., 
llliviiv N*. n.MiKIN'^. M.l)., Pit, I)., AMI IfiiDliCT T. !io\t,s M.D., 

Di'.'rit<n'r, Mil’ll. 

r/’rn^n tu „f r„v.u*l .S< Ur r„-l,h»ni cnr.ir, I'.',-; Mu--.; (tv,! 

thr IhfiUnv of t;rr,r,’l II.. //,,!« {'or, I /{o.j,;t‘,!, lUtraU, ftu-h.j 


’T~'HD .‘iyiiiiaiiiii’ oi uliifn-nt.nry ;i/iil<’ifii,'( luifl r'vidi’iici’’ coiioeniins' its 
iiii’rliiiiiisin iiavi- hrm In- n. in |if(-viotis jiulilications.’’ ’ 

Tlii'vf vv'.ulls Avcn- cvscnlialh- in ani-fiTm’iit uitli tims.i of Snimuinetti* 
itttil Srltifl ittti} Ills <-o-hiiHc<-i-s. ' ^ .s'lnmu t’vidt-ucc was ofi'i’reci in sup- 
porl (il tin- lollmvinit (•onclttsioiis: il) -Vh'iiif-ntiiry iizoti’iiiiii oi’ciii-s in 
casts of iiifiss-ivf Iicmoiiliaoc into tin- intestinal tract, and fhi.s in tarn 
most olteii re.snil.s from a lilccditiir |»ct>ti(’ nicer. (2) The dcurce of the 
azotemia i.s ot considcrahlc [n-omioslie siirniticanec, Iiitrh hinad area 
iiilrooen valaes heitiij associated with hitih mortality. This i.s (irohnhJy 
lieean.se the increase in Idood urea nitrogen i.s a mea.siire of the ninoant 
of Mood lost. (Jt) The azotemia i.s dac to ahstirjition of di"e.ste(l Mood 
and o.stieeially of it.s eryihroeyle fraction (and in tarn the latter ’.s eon- 
lainc’d lienmirloliin). (-1; Finally, that .since marked ri,sc.s in Mood urea 
nilroijon were al.so ohiained followiim imiestion of protein, it sccni.s a.s 
thouirh the rise i.s jirohahly due to and to a laryc c.vtent proportional 
to the ab.sorption of (irotcin from the pastrointeslinal tract. 

Tlio forepoinp c.N|)erinient,s were jierformed ojj the ha.sis of lilood intro- 
duced liy stomaeh Inhi! info the .stomachs of exjieriinental animals, and 
lienee dealt primarily Avith Mood in the .stomach. A search of Die litera- 
ture revealed only one mention eoneerninp alimentary azotemia oc- 
curring after ahsorptiou elsewhere tfian from Die stomach or duodenum, 
although in various disease.s large amount.s of Mood are lost into the 
lower portions of the gastrointestinal tract. 

The only observations on this aspect of the sub.iect prior to oru' oAA-n 
are those of SchiF and his associates'’ in 1939 on Imniau beings. These 
authors fed blood into the fasting stomach through a Kehfuss tube, and 
into the jejunum or upper ileum and colon through a Jliller- Abbott tube. 
The maximum increase in the blood urea nitrogen was greater Avhen the 
blood was introduced into the jejunum or upper ileum. After injection 
into the colon, no appreciable rise occurred. In clinical cases of bleeding 
into the colon, these authors observed no rise in the blood urea nitrogen. 

Therefore it occurred to us to attempt to ascertain more precisely the 
site or sites in the gastrointestinal tract and ectopic sites, if any, in 
Avhieii after introduction of blood this phenomenon will occur. 

' .All" of experimental -work tvas performed at the Henry Ford Hospital. De- 
*'^°BeMlved for puhlication, March IS, 1941. 
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EXPERIMENTAL 


Method . — Citrated ^Yhole beef blood and beef red blood cells were in- 
troduced in divided doses into the jejunum (two feet below Treitz’ liga- 
ment) through a jejunostomj’^ of the ilaydl" type in two otherwise nor- 
mal dogs. In a second set of two dogs, whole beef blood and beef red 
blood cells were introduced in divided doses low into the ileum (20 cm. 
proximal to the ileocecal valve), through an ileostomy of the Mann- 
Bolhnan® tjqie. In additional experiments, one of the jejunostomy dogs 
and one of the low ileostomy dogs were given human red blood cells in 
a similar manner. In all, ten experiments were performed on four dogs. 

Blood urea nitrogen determinations, using essentially the method of 
Van Slyke and Cullen'’ were made every four to six hours on each dog, 
from one to three days following the introduction of ivhole blood or of 
red blood cells bj^ enterostomy into the respective levels of the small 
intestine. As in the previous experiments, the dogs were given their 
usual amount of food divided into four small meals dail}-. Water was 
given freely in the usual amounts. Daily hematocrit and hemoglobin 
determinations were made in six of the ten experiments revealing little 
change from the control level. 
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riK 1 — The <fr. tl Iic bloiiil in thi' proauctlon of nllmcnt!ir\ nt lUITcicnt 

lo\tls of iho mistrolnto^linal tract of dop*?. 


/iisidis of Whole lilood Admini},tr<itiou. — At, sliown in Fig. 1, il was 
fouiid tlial witliin three hours following the fn-st dose of blood given into 
tiie jejunum, a marked rise in blood urea nitrogen occurred and the level 
continued on an elovaled plane, as long ns blood uas given at short 
intervals. There ^^as a return to a normal level of blood urea nitrogen 
withni twenty-four hours following the introduction of the In.st dose of 
blood. In marked contrast to this curve is sliown the nonclevated blood 
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s_\ ndi'diiK’ itf iiliiiii'iitary nyiitfinitt anil t'viiiciici!* (’iiai’ci'iniiir il.s 
iii(‘fliiiin<ia Iiiivi' lici'ti {irisi'iitcd liy ik in previous ptililications.'' ' 
TIh'M' ri'snlt.s \vi-tv i vsfniiatly in noivcnivnt witli tlio.sv of .Snni:uini.-Ui* 


and Si'ldfi and hi^ t'o-workefs. - ' Stroni; vvidciii'i: was ofi’crod in sup- 
port ol tliv followinir conclusions; (1) Alinicniary azotemia occiii’s in 
casts of massive lifiiiorrliayc into tin- intestinal tract, and ttiis in turn 
most often nssnilts from a bleedini: j>eptie ideer. (O) The ileirree of the 
azotemia is of eonsiiliMahle pro,"n!istie sii,’nifie:mee, Jiiedi blood urea 
nitro.uen values heint; associated with hiirh mortality. Tliis is probahl.v 
heeanse the increase in hlooil urea nitrogen is a measure of tlie amount 
of blood lost, (tl) Tilt' azotemia is tine to absorption of diircsted blood 
and e.sj)ceially of it.s erythrocyte fraction (and in turn the latter '.s con- 
tained hemo^dobin). (4) Finally, that since marked ri.sc.s in blood urea 
nitrotion were also obtained followin.!r inireslion of protein, it seems as 
thoiitrh the rise is probably due to and to a hwitc e.xtent pit)i)ortional 
to the absorjilion of jirolcin from the gastrointestinal tract. 

7’he foregoing e.'ci)eriments were (lerformed on the basis of blood intro- 
duced b.v stomach tube into the .stomachs of cxi)eHmenlal animal.s, and 
hence dealt jirimarily with blood in the stomach. A search of the litera- 
ture revealed only one mention concerning alimentary azotemia oc- 
curring after absor[»tion elsewhere than from the stomach or duodenum, 
although in various disc'asc.s large amounts of blood are lost into the 
loM’cr portions of the gastrointestinal tract. 

The only observations on (his asj)cet of the subject prior to our own 
are those of SchitT and ins associates''’ in 1939 on human beings. These 
authors fed blood into the fasting stomach through a Eehfuss tube, and 
into t!ic jejunum or upper ileum and colon through a HOller-Abbott tube. 
The maximum increase in the blood urea nitrogen was greater when the 
blood was introduced into the jejunum or upper ileum. After injection 
into the colon, no appreciable rise occurred. In clinical cases of bleeding 
into the colon, these authors observed no rise in the blood urea nitrogen. 

Therefore it occurred to us to attempt to ascertain more precisely the 
site or sites in the gastrointestinal tract and ectopic sites, if any, in 
which after introduction of blood this phenomenon will occur. 


•All o£ the experimental 
troit. Mich. 

Received for publication, 


work was performed at the Heurj- Ford Hospital, De- 

March IS, 1941. 
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EXPERIMEXTAL 


Mettiod.— Citrated whole heei Mood and beef red Mood cells were In- 
troduced in divided doses into the jejunum (two feet below Treitz’ liga- 
ment) through a jejunostomj' of the Maydl* tj'pe in two otherwise nor- 
mal dogs. In a second set of two dogs, whole beef blood and beef red 
blood cells were introduced in divided doses low into the ileum (20 cm. 
proximal to the ileocecal valve), through an ileostomy of the Mann- 
Bollman® tJT®- lu additional experiments, one of the jejunostomy dogs 
and one of the low' ileostomy dogs were given human red blood cells in 
a similar manner. In all, ten experiments were performed on four dogs. 

Blood urea nitrogen determinations, using essentially the method of 
Van Slyke and Cullen® were made every four to six hours on each dog, 
from one to three days following the introduction of w'hole blood or of 
red blood cells 13%' enterostomy into the respective levels of the small 
intestine. As in the previous experiments, the dogs were given their 
usual amount of food divided into four small meals daily. Water was 
given freely in the usual amounts. Daily hematocrit and hemoglobin 
determinations were made in six of the ten experiments revealing little 
change from the control level. 



riK 1 — Th. 


.rtMl "f Pr.MUytion of nllrnont.irj- .i/otcnia at difTcrent 

of iho pastroint* viinal tract of 


AVsiibs of Whole Jllood A(1minislrniio)i. — A.s .shown in Pig. 1, if was 
found that within three hours following the fimt dose of bloocf given into 
I be jejunum, a marked rise in blood urea nitrogen occurred and the level 
continued on an elevated plane, as long as blood was given at short 
intervaK. There was a return to a normal level of blood urea nitronen 
witlnn twenty-four hours following the inf rodiielion of the last dose of 
hlood. In marked contrast to tliis curve is shown the nonclcvntcd blood 
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five liours following llie introdnclion of blood. In Fig. 4 are seen the 
graplis of the three flat curves for these animals. No elevations of blood 
urea nitrogen above normal values were found throughout these e.xperi- 
ments. 

SUMMARY 

The administi'ation of whole blood high into the jejunum of a dos 
produced an elevation of blood urea niti'ogen with a return to normal 
ler els in thirty-two hours, while tlie administration of identical amounts 
of whole blood low into the ileum caused no elevation of blood urea 
nitrogen. 



4. — 2^0 azotemia is shown foliowingr administration of blood intraperitonoall.v in 

dosis. 


Two dogs were given blood cells high into the jejiuium with resulting 
azotemia for periods of twenty-seven and thirt 3 "-four hours respectively. 
Two dogs were given identical amounts of blood cells low into the ileum 
Yuthout a resultant elevation of the blood urea nitrogen. 

Three experiments were performed in which three dogs wer-e given 
whole blood intraperitoneally without producing azotemia in the suc- 
ceeding fortj" hours. 

Cor'relation of these results with those previously reported showing 
that azotemia results from the intragasti-ic administration of blood would 
indicate that to produce alimentary azotemia, blood must be ])reseut in 
the upper half of the alimentary tract. This conclusion, in turn, is 
ble of two interpretations: (1) that unlc.ss the blood is present in 
mmer portion of the intestinal tract, it is not absorbed in sufficient 
ntities to produce alimentary azotemia; or (2) that the blood must 
v’di-ested in the upper portion of the gut to produce substances which, 
;vhen''absorbcd, will produce alimentary azotemia. 
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Our results cannot give a conclusive answer as to wliicli of these 
conclusions is more correct. IVe were, liowever, alile to show that a 
5 per cent urea solution produced as marked a rise in blood urea 
nitrogen when introduced into the stoma of one of our low ileostomy 
dogs as Aviien introduced into one of the .iejunostomy dogs. These results 
are shown in Fig. 5. Other experiments with predigested blood or red 
blood cells might have given the same or another result, hut they were 
not performed. 

At any rate, our experiments indicate that an appreciable alimentary 
azotemia results only when blood is present in the upper inte.stinal tract. 
This observation has an especial clinical application to eases of intestinal 
hemorrhage. 



1 Ip • — TIjo cojnpiiratl\o ffffct*' of a 5 por cent urea «5olution in the production of 
a!Imont.\r> azoUnihi In hith and low deoMtomj dop** The solid line represents the 
lesults In tht doj; nitli u hlpli JeJunostoinj, ^\hne the broken line repre^ent^ the ro- 
‘'Ult'^ In IIk doR >silb a low |lf*><»tomy. 

CONCM’PIOXS 

1 Aliincntiiry azolcmia occurs in the experimental animal (dog) fol- 
Inumg tlie intra.ie.iunal adniinislratioii of vhole blood or red blood cells. 
Tlic degree of azotemia, altboimh definite, is somewhat less tlian that 
produi-ed b\ the intrag.istric administration of similar amounts of uliole 
and blood eells. 

•2 ^Yhole blood and blood eells introdueed low into the ileum produce 
lutieli less a/otemm than wlien similar amounts are introdueed higher 
up into the intestinal traet. 

Whole l)1(«)d in the iieriloiieal cavity of exjierimental animals 
tdogsi jivoduees no azotemia. 
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five hours following the introduction of blood. In Fig. 4 are seen the 
graphs of the three flat curves for these animals. No elevations of blood 
urea nitrogen above normal values were found throughout these experi- 
ments. 

SU3HMARY 

The administration of whole blood high into the jejunum of a dog 
produced an elevation of blood urea niti’ogen witli a return to normal 
levels in thirt3’’-two houi's, while the administration of identical amounts 
of whole blood low into the ileum caused no elevation of blood urea 
nitrogen. 



j'lg- 4, — azotemia is shown followingr administration of blood intraperitoneally in 

do&s. 


Two dogs were given blood cells high into the jejunum with resulting 
azotemia for periods of tiventy-seven and thirty-four hours respectively. 
Two dogs were given identical amounts of blood cells low into the ileum 
without a resultant elevation of the blood urea nitroge2i. 

Three experiments were perfoi-med in which three dogs were given 
whole blood intraperitoneally without producing azotemia in the suc- 
ceeding forty hours. 

Correlation of these resnlts with those previously reported showiw^ 
that azotemia results from the intragasfric administration of blood would 
'nkicate that to produce alimentary azotemia, blood must be r»rescnt in 
tL upper half of the alimentary tract. This conclusion, in turn, is 
mble of two interpretations: (3) that unle.ss the blood is present in 
Srnnper portion of the inte.stinal tract, it is not absorbed in siiffieicnt 
tutes to produce alimentary azotemia; or (2) that tbo blood must 
?'"!iilestcd in till! upper portion of the sol lo I.rwinec Mikelnnecs nfiiel., 
atorlioa, will proOnce alimenlory nrolemin. 




PILONIDAL SINUSES OCCURRING OVER THE HIGHER 
SPINAL SEGMENTS WITH REPORT OP A CASE 
INWOLVING THE SPINAL CORD 

Hexky P. Kooistra, M.D., M.S. (Surg.), Grand Rapids, Mich. 

(From the Department of Hurgery, Vniversity Hospital, Ann Arhor, Mich.) 

P ILONIDAL sinuses are rarely encountered over spinal segments 
higher than the sacrococcygeal region. A review of the literature 
reveals only thirteen cases pre\nously reported. These usually revealed 
a sinus communicating between the skin siirface and the meninges, but 
in no case was the lesion found actually to invade the substance of the 
.spinal cord. In the case about to be presented, the lesion was shown at 
operation to be intramedullary. The mouth of the sinus presented itself 
over the upper margin of the third thoracic vertebra. 

The lesions, as found over the higher spinal segments, present a 
microscopic pathologic picture quite identical with that of pilonidal 
sinuses occun'ing in the sacrococcygeal region. Clinically, however, the 
former arc more serious because of their location over the spinal cord 
and its coverings. In this location, any infection of these sinuses is 
prone to be carried to the meninges. Furthermore, even in the absence 
of infection, sufficient pressure may be exerted by the lesion to produce 
compression of the cord elements and result in signs and symptoms 
typical of a cord tumor. The cai-ly recognition of this lesion at any 
level of the spine is essential to proper treatment. Surgical removal 
carries an excellent prognosis. 

ItlCVir.W Ol' niTKUATCRK 

In b'ig. 1 is shown the site of the unusually located pilonidal sinu.ses 
of the present ease and those eollcelcd from the literature. An abstract 
of these en.ses is given as follows. 

Clark- was the first to report a pilonidal sinus-like lesion occurring 
at a site away from the .sacrococcygeal region. Ilis case, a 13-ycar-ohl 
girl, had a small hair-containing sinus in the median line, between tlie 
spinous ]>rocesses of the fourth and fifth cervical vertebrae. On 
examination she showed a lack of manual dexterity and an inca])aeity 
lor work requiring finer movements of the fingers and hands. Roent- 
genograms were negative hut for a demonstrable cleft in the arch of the 
third ct'rvical vertebra. The lesion was not confirmed by eitlier ojtcra- 
tion <'r necro]isy, 

Moise” rcjiortcd the first ]>roved ea.se. His jiatient, a male aged IS 
yeai-s. had a congenital discliarging pilonidal sinus in the lower lumbar 

u » for pobtW'ut Jnri, March 1?, l?ll. 

Gr. 
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vesicorectal incontinence. Roentgenograms revealed a rachischisii 
the second thoracic vertebra, and a myelogi’ani demonstrated a bloc 
this level. At operation the sinus vas found to communicate wii 
dermoid cyst ■which lay beneath the arachnoid. The cyst measvired a1 
6.5 by 2 cm. and ■was filled noth hair and sebaceous material. FoIIoa 
surgerj^ the patient made a complete reeovery but for a residual ■u’ 
ness of the lo'W'er extremities. 

Hipsley® reported a case, a female, 3 years of age, ■who devek 
difficulty in ■walking four ■weeks prior to admission. She present! 
discharging midline sinus over the first thoracic spine. This sinus 
hair containing and the area about its orifice was indurated. The sp 
fluid was xanthochromic, with 72 cells per cubic millimeter; Ijnnphoe; 
80 jier cent; neutrophiles, 20; no organisms. A myelogram .shoAve< 
arrest of the lipiodal at the seventh cervical vertebra. At operatior 
spine of the second dorsal vertebra was found to be bifid, and throu 
perforation at its base the sebaceous material of the cyst was see 
extrude. Lying subdurally and attached to the dura was a den 
cyst, 18 by 12 mm., which was removed. Following surgery there 
nearly a complete recovery. 

Walker and Bucy"’ in an excellent article on congenital de: 
sinuses stressed the fact that the.se .sinuses extend to the meninges 
that infection of such a le.sion is prone to produce either a spinal m< 
gitis or a sulidural absee.ss. They presented three new eases. 1 
first case was that of a 5-year-old female, who developed symptoms 
months of ago, and on whom a diagnosis of tuberculous meningitis 
made at that time. This clnld, four .and one-half years later, was fi 
to have a congenital sinus over the fourth tlioracic vertebra. Roentf 
grams of this area .showed an incomplete fu.sion of its laminae. At o] 
tion, the s]iinons ])roce.ss of this vertelu’a was found to be absent, 
following a laminectomy, an inflammatory mass composed of numc 
small sterile abscesses was excised from beneath the thickened ( 
Rost operatively, the patient went on to an uneventful complete reco 
Their second ease was a female, aged 3 years, witii a similar le.sion 
the fourth lumbar vertebra, on whom a diagnosis of tuhei'culous m 
gitis had likewise been made. Roentgenograms .showed an incom 
fusion of the laminae of the sacral segments, while the lumbar vert< 
were apparently normal. At operation, the sinus was seen pa.s.sin 
tween tlie fourth and fifth lumbar vertebrae down to the dura, to v 
it was firmly attached. Following laminectomy and incision o1 
dura, a small cystic cavity was encountered which w.as filled with t 
creamy pus, and some sebaceous material. The abscess extended 
the level of the fifth lumbar inferiorly. to about the level of the tu 
thoracic vertebra superiorly, where a hole w,as noted in the floor o 
absee.ss cavity. The wound was closed with di'ainage and her rec( 
was- satisfactory. 
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vegion. This became infected and produced a staphylococcus menin- 
gitis. At operation the sinus was found to extend tlirough a bony defect 
at the junction of the first and second sacral vertebrae and to com- 
municate with the subarachnoid space. A lamineetonty m^s performed, 
the sinus and its granulation tissue excised, and the wound drained. 
The patient then went on to an uneventful and complete recovery. 

Eipley and Thompson^^ reported quite a similar case two years later 
in a 31/2-month-old male infant, who developed a fatal staphylococcus 
meningitis secondary to infection of a congenital pilonidal sinus. At 
operation the sinus was found to pass into the sacral canal, in the region 
of the second sacral arch, whicli was found to be absent. The sac re- 
moved at operation was found to contain a hair and sebaceous material. 



Fig. 1.—- A diagrant Ulustrat’mg the higher spinal levels at -whicli weie fo\intI Ujc 
pilonidal sinuses reported bj' the various authors. 

W. Sharpe and N. Siiarpc''* i-eported a ease of a male aged 3 j'cars, 
with a congenital pinhead-sized depression over the lower thoracic re- 
gion whicli drained purulent material interniitlenll}'. Ilis back was 
rigid, and prior to operation he developed a spastic paral.vsis of botli 
legs. Roentgenograms demonstrated a failure of fusion in the le(( 
lamina of the eleventh dorsal vertebra. At ojieration, a lamincelomy 
was performed, and a fibrous mass containing hair and caseous material 
was removed from between tlie dura and the spinal cord. Ilis eon- 
valescenee was uneventful and the subsequent recovci-j' nearly com- 
plete. 

Ottonello’= reported a case in a female, aged 20 years. She liad 
a minute sinus over the third dor.sal vertebra. Two weeks prior to bos- 
pilal admi.ssion she developed a paraplegia, sensory symptoms, and a 
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vesicorectal incontinence. lioentgenograms revealed a racliiscliisis of 
the second thoracic vertehra, and a myelogram demonstrated a block at 
this level. At operation the sinus was found to communicate with a 
dermoid cyst which lay beneath the arachnoid. The cyst measured about 
6.5 by 2 cm. and was filled with hair and sebaceous material. Following 
•surgery the patient made a complete recovery but for a residual weak- 
ness of the lower extremities. 

liipsley® reported a case, a female, 3 years of age, who developed 
difficulty in walking four weeks prior to admission. Slie presented a 
discharging midline sinus over the first thoracic spine. This sinus was 
hair containing and the area about its orifice was indurated. The spinal 
fluid was xanthochromic, with 72 cells per cubic millimeter; lymphocides, 
80 per cent ; neiitrophiles, 20 ; no organisms. A myelogram .showed an 
arrest of the lipiodal at the seventh cervical vertebra. At operation the 
spine of the second dorsal vertebra was found to be bifid, and through a 
perforation at its base the sebaceous material of the cyst was seen to 
extrude. Lying subdurally and attached to the dura was a dermoid 
cyst, 18 by 12 mm., which was removed. Following surgery there was 
nearly a complete recovery. 

Walker and Bucy”’ in an excellent article on congenital dermal 
sinuses stro.s.sod the fact that these .sinuses extend to the meninges and 
that infection of such a lesion is prone to jiroduce either a .spinal menin- 
gitis or a subdural abscc.ss. They presented three new cases. Their 
first case was that of a 5-year-old female, who developed symptoms at 6 
months of age, and on whom a diagno.sis of tuberculous meningitis was 
made at that time. This child, four and one-half years later, was found 
to have a congenital sinus over the fourth thoracic vertebra. Boentgeno- 
grams of this area showed an incomplete fusion of its laminae. At opera- 
tion, the si)inou.s process of this vertebra was found to be absent, and 
following a laminectomy, an inflammatory ma.ss compo.scd of numerous 
small sterile ahsce.sscs was exci.sed from beneath the thickened dura. 
Post operatively, the patient went on to an uneventful complete recovery. 
Their soeond case was a female, aged 3 year.s. with a .similar le.sion over 
tlie fourth lumbar vertebra, on whom a diagnosis of tuberculous menin- 
gitis had likewise been made. Roentgenograms showed an incomplete 
fusion of the laminae of the sacral segments, while the lumbar vertebrae 
were api)arently normal. At operation, the sinus was seen passing be- 
tween tile fourth and fifth lumbar vertebrae down to the dura, to which 
it was firmly attached. Following laminectomy and incision of the 
dura, a small cystic cavity was encountered which was filled with thick, 
creamy pus. and some sebaceous material. The abscess extended from 
the level of the fifth lumbar iuferiorly. to about the level of the twelfth 
thoracic vertehra superiorly, where a hole wa.s noted in the floor of the. 
ah'-ee.ss cavity. The wound was closed with drainage and her reeoverv 
was satisfactory. 
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Tile third case presented by Walker and Buoy was one operated upon 
some years previously by Dr. D. B. Phemister. The patient, a colored 
female, aged 3 years, presented a hairy pigmented area over the fifth 
lumbar spine, and in the center of this there was a minute sinus. Roent- 
genograms showed a failure of fusion of the spinous processes of the 
fifth lumbar and first sacral vertebrae. At operation, the sinus was 
found to pass through a defect in the spinous process of the fifth lumbar 
vertebra to a subdural inflammatory sac. This contained a few drops of 
glairy, gelatinous, slightlj'' purulent material. The postojierative 
course was uneventful. 


Hamby reported a case exhibiting a ]iilonidal c.vst, not communicat- 
ing with the skin, associated with multiple other congenital abnormalities 
of the spine and cord. TJie patient, a white female, aged 20 j^ears, was 
born with a midline dimple over the lumbar spine. About this a pro- 
fuse growth of hair occurred in later years. She complained of back 
pain and ditficultj' in walking. Roentgenograms showed a failure of 
fusion of the laminae of the last three lumbar vertebrae, with an asso- 
ciated fusion of the bodies of the fourth and fifth. At operation, a tumor 
was exposed at about the level of the third and fourtli lumbar rertebrac, 
which upon being incised revealed a sac containing fluid under pressure 
and a mass of curly hair. The deeper part of this pilonidal cyst was 
attached to a bony exostosis which arose from the anterior wall of the 
spinal canal. The spinal cord was seen to become bifid at this level and 
was noted to be longer than usual. Following operation with removal 
of the cyst, the patient made an uneventful I'ccovery. 

Stammers'® reported two quite identical cases, in each of which the 
patient made an uninterrupted and apparently complete i-ecoveiy fol- 
lowing surgery. The first case was that of a male, aged 2 years, who 
developed symptoms six weeks prior to admission. He showed case of 
fatigue, irritabilit}’, and difficulty in walking. B.xamination revealed a 
small siin;s over the ujjper sacrum. Prom tliis sinus a filu'ons cord 
could be felt imnning beneath the skin upward to the lumbosacral .iiinc- 


tion. This area was tender, and the spine was held rigid. Roentgeiio- 
«rams disclosed a spina bifida of tiie fifth lumbar vertebra. The spinal 
fluid was turbid, contained 426 cells (unspecified) per cubic millimefcr, 
and showed numerous Siaplnjlococcus albns organisms. At operation the 
sinus was found to communicate through the spina bifida with a large 
dermoid c.vst lying within the spinal canal. The second case, a male aged 
4 years, presented a discharging congenital sinus over the lower .sacrum. 
Two weeks prior to admission, he began to complain of headaches and 
• in the lower back, had vomited and shown a fever. Kxaminafion 
^^'^'^aled a hvpcrextended .spine, retracted head, neck rigidit.v, spasticity 
nTOis and the knees drawn upward. There ^va.s a bilateral Kerntg 
■ ^ T nnibir nuucture produced “a few drops of thick ropy pus” from 
*r’l “eolifonu bacilli and enterococci" were recovered. Repealed 
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eisterna puncture produced a sterile cerebrospinal fluid. At operation 
the sacral canal was explored and the cavity found to contain thick pus. 
The sinus was found to he attached to the dura mater of the cord. 

Boldrey and Elvidge'^ have reported the most recent case. Their 
patient, a boy 21/0 yeans of age, had a congenital sinus over the lumbo- 
sacral spine whicii liad drained intei-mittently for nine months. For five 
months he had periodic attacks of chills, fever, opisthotonos and vomit- 
ing. On admission he held his knees drawn up and showed a neck stiff- 
ness. At operation the sinus Avas found to pass through a bifid fifth 
lumbai' vertebra, and to communicate with an infected dermoid cyst 
lying subdurally. The cyst extended from the twelfth dorsal to tlie 
second sacral vertebra and was intimately adherent to many roots of the 
cauda equina. It contained sebaceous material, hair, and pus. Follow- 
ing a prolonged stormy convalescence the patient made a good recoveiy. 


REPORT OF A CASE® 


D. I). C., a white, male .student, aged 19 years, entered tlie tjniver.^ity Ho.spital, on 
May 7, lono. His cliief complaint was that of “difficulty in walking.” He fir.st 
developed symptoms thirteen years previously when he experienced a “limp” in his 
right leg while fonvale.'‘cing from an attack of mcasle.'. From May through 
August, 192d, tl\e limp remained apparently stationary, and then a gradual improve- 
ment was noted. However, in November, following an attack of cliirkcn pox, tlicre 
was sucli a niarke<l exacerlintion of the symptoms that walking became an im- 
possiliility. Two montlis later, when he was again able to walk, tlie left foot l>egan 
to troulde liim for the fir.st time. He was informed by his mother that ho then 
walhed witli his legs crossed “like a ]>air of scis.sor.s, ' ‘ and that ho had a marked 
“tremhling of his feet” (prohaldy a clonu.s). 

Tlie following April lie entered a largo metropolitan liospital for a tliorougli 
case study. Examination here revealed a dimple with a small tuft of hair in the 
region of the third dorsal spine. His mother stated she had noticed tliis dimple since 
early childhood, llnenlgcaograms of this region were taken and reported to lie 
norniat. Spinal fluid examination revealed I.") W.B.C. (unspecified) per cubic 
millimeter. 1* glnliulin, and mastic 3.11(10000. No definite diagnosis was made on 
two visits, iiowever, and no specific llierapy wa.s instituted. 

gradual decrease in .‘•ymploms was noted during ensuing luontlis, and after 
one year a fair recovery was made. Tticre was then only a mild stiffness and some 
weakness of tlie legs, uiion jirolonged oxereise. He was able to resume scliool life 
ami lake an active part in lioth basketball ami footliail. Periodieally the dimjile 
o\er liis spine produced soreiics.s in tlie siioiihlor region and buck. On one occasion 
the soreness was relieved wiicn his moth<-r i-.vtmcteil tlie hair. On !i sulisctjncnt 
recurrence of lliis troulile, tlie motlier removed tlie liair early to obviate furtlier 
Soreness, tail this time it only si-rved to riggru\*atr* the pain. Htiir was remove<l 
from (lie dimple last aliout four vear> ago. 

Two year? prior to the present admission, following an outing at which lie Invame 
MT) fatigued, lliete was a reeurrenee of the symidonls. Tliis time the left foot 
was tie- first to be.-ome involved. The rondition grew progressively worse Until three 
imoulis I>efore n.imi-sion when the right foot also I»seanie iiivolve.L Tliis forced him 
to drop tils .-oUee,. woiV.. as lie was able to wall: only ribout twelve to tiftivn fivt 


•Till- < a re I- e.i-o 
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The third case presented by Walker and Bucj^ was one operated npon 
some years previously by Dr. D. B. Phemister. The patient, a colored 
female, aged 3 years, presented a hairy pigmented area over the fifth 
lumbar spine, and in the center of this there was a minute sinus. Roent- 
genograms showed a failiu'e of fusion of the spinous processes of the 
fifth lumbar and first sacral A'ertebrae. At operation, the sinus was 
found to pass tlirough a defect in the spinous process of the fifth lumbar 
vertebra to a subdural inflammatory sac. This contained a few drops of 
glairy, gelatinous, slightly purulent material. The postoperative 
course was uneventful. 


Hamby reported a case exhibiting a pilonidal cyst, not eommiuiieat- 
ing with the skin, associated with multiple other congenital abnormalities 
of the spine and cord. The patient, a Avhite female, aged 20 j^ears, was 
born with a midline dimple over the lumbar spine. About tliis a pro- 
fuse growth of hair occurred in later jmars. Slie complained of back 
pain and difficulty in walking. Roentgenograms showed a failure of 
fusion of the laminae of the last three lumbar vertebrae, with an asso- 
ciated fusion of the bodies of the fourth and fifth. At operation, a tumor 
was exposed at aliout the level of the thii-d and fonrlli lumbar vertebrae, 
which upon being incised revealed a sac containing fluid under pressure 
and a mass of curly liair. The deeper part of this pilonidal cyst U'as 
attached to a bony exostosis whieh arose from the anterior wall of tlio 
spinal canal. The spinal cord was seen to become bifid at this level and 
was noted to be longer than usual. Following operation with removal 
of the cyst, the patient made an uneventful recovery. 

Stammers” reported two quite identical cases, in each of whieh the 
patient made an uninterrupted and apparently complete recoveiy fol- 
lowing surgery. Tlie first case was that of a male, aged 2 years, who 
developed symptoms si.x weeks prior to admission. He showed ea.sc of 
fatigue, irritability, and difficulty in walking. Examination revealed a 
small sinus over the upper sacrum. Prom this sinus a fibrous cord 
coidd be felt running beneath the skin upward to the lumbosacral .iimc- 


tion. This area was tender, and the spine was held rigid. Rocnfgcno- 
»rams disclosed a spina bifida of the fifth lumbar vertebra. The spinal 
fluid was turbid, contained 426 cells (unspecified) per cubic mi/Iimcler, 
and showed numerous Siaphjjiococnis nlhns organisms. At o])cration the 
sinus was fovind to communicate through the .s'i)ina bifida with a large 
dermoid cyst lying Avithin the .spinal canal. The second case, a male aged 
4 years, presented a discharging congenital sinus over the loAver .sacrum. 
T *vo weeks prior to admission, he began to complain of headaches and 
'• in the loAver back, had vomited and shown a fever. B.xamination 
md a Inmerextendcd spine, retracted head, nock rigidity, spasticity 
arms and the kneo.s draivn upward. There wa.s a IfiJafera) Ke.mig 
Lumbar puncture produced “a few drops of thick ropy pus’' fro,n 
Y ] “coliform bacilli and cnterococc avcco recovered. Rope.-, led 



KOOISTRA : PILONIDAL SINUSES OVER SPINAL SEGMENTS 


67 


eisterna piineture produced a sterile eerebrosiiinal fluid. At operation 
the sacral canal was explored and the cavity iound to contain thick pus. 
Tlie sinus wa.s found to be attached to the dura mater of the cord. 

Boldrey and Elvidge'^ have reported the mo.st recent ca.se. Their 
patient, a boy 21/2 years of age, had a congenital sinus OA'cr the lumbo- 
sacral spine which had drained intei-mittently for nine months. For five 
months he had periodic attacks of chills, fever, opisthotonos and vomit- 
ing. On admission he held his knees drami up and showed a neck stiff- 
ne.ss. At operation the sinus was found to pass through a bifid fifth 
lumbar vertebra, and to communicate with an infected dermoid cyst 
lying subdurally. Tlie cyst extended from the trvelfth doi-sal to the 
.second sacral vertebra and was intimately adherent to many roots of the 
eauda equina. It contained sebaceous material, hair, and ]nis. Follow- 
ing a prolonged stormy convalescence the patient made a good recoveiw. 


RKPOBT OF .4 aiSE® 


D. II. C., a white, male .student, aged 19 years, entered the TJniver.'Jitr Ho.spital, on 
May T, lOMi. His chief complaint was that of “difficulty in walking." He first 
developed symptoms thirteen years previously when he experienced a “limp" in his 
right leg while convalescing from an attack of measles. From Alay tlirongh 
.August, 192:1, tlie limp remained apparently stationary, and then a gradual improve- 
ment was noted. However, in November, following an attack of eliicken pox, there 
was such a marked exacerbation of the symptoms tliat walking became an im- 
possibility. Two months later, wlien he was again able to walk, the left foot began 
to trouble him for the fir.st time. He was informed liy his mother tliat he then 
walked with his legs crossed “like a pair of scissors," and that he had a marked 
“trembling of ids feet" (proliably a clonus). 

The following April he entered a large metropolitan hospital for a thorough 
case study. Examination liere revealed a dimjile with a small tuft of hair in the 
region of liie third dor.-al sjiino. His mother .stated slic had noticed tliis dimjde .since 
early childliood. liocntgcnogranis of this region were t:ikon and reported to be 
normal. Spinal fluid examination revealed 1.1 AV.B.C, (unspcelficd) jicr cubic 
millimeter, L ghilniliii, and mustie 331(10000. No definite diagnosis was made on 
two visits, lunvover, and no specific therapy was instituted. 

.V gradual decrease in symptoms was noted during ensuing montlis. and after 
one year a fair recovery was made. There was then only a mild stiffness and some 
weakness of the legs, upon prolonged exerei.se. He was ahle to re.sume school life 
nnd take an active part in both ba.skelball and football. Periodically tlie dimple 
over his spine proiluced soreness in the shoulder region and back. On one occa.sion 
the Soreness was relieved wlicn his mother extracted tlic hair. On a suliseijuent 
recurrence of this trouble, ibe inotlier removed the hair earlv to obviate further 
soreness, but this time it only served to aggravate the pain. Hair was rcmovisl 
from the dimple hist about four years ago. 

Two years prior to tlie present adini.ssion, following nn outing at wliich be bc-ame 
Scry fatigued, there was a recurrence of the symptoms. This time the left foot 
utis l!ie (ir-t to iK’cotiie involvisl. The condition grew progrcssivciv worse until three 
meiuiis l.efi.re admi-iou wlmn the right foot also Isvame involved. This fore.s] liirn 
I., drop ill- college woth. as lie was able to walk only about twelve t» tiflei'n feel 
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without resting his legs. His difficulty has heen conceined primarily uitli locomotion, 
and he was entirely free from pain. Becently, however, he has become constipated 
and experienced some difficulty in initiating urination. 

The past history revealed no otlier illnesses than those described above. The 
family history uas significant only so far as it revealed a brother who had a ‘'cy.st 
removed from the end of the spine.” This was diagnosed to be a pilonidal cyst. 
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Babm.«lii, ScbaiTer, Ciiaaflock and Oppenhcim signs. There was liypalgesia on the 
legs but no analgesia. Vibratorj- sense was lost in both ankles and absent in the left 
knee but present in the right. Position sense of the toes was lost on the left and 
impaired on the right. There was a positive Komberg sign. The gait was that of 
tlie .spastic ataxic type. 



EIr. 3. — Mlilsacittal secllnn .‘•Itowinc cVmRranimatically the consUIeral)lc verKctil ex- 
tent of the lesion. Note that the sinus passc.s between the spinous proces.ses oC tlic 
second and tliird dor.val vcrteljrae. 
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venepuncture. The Kahn test was negative; colloidal gold curve, 0221233210; mastic, 
123321. The blood Kahn test was also negative, and routine blood and urine studies 
were essentially normal. 

Soentffenograms of the spine revealed a widening of the spinal canal in the upper 
thoracic region, with an apparent thinning of the left pedicles of the first three or 
four vertebrae. There was a spina bifida occulta of the sacrum. A myelogram 
nas undertahen, with 1 c.c. of iodized oil injected into the spinal canal in the lumbar 
region. The roentgenograms, shown in Fig. 2, with the patient in a 60° Tiendelen- 
burg position, revealed an abrupt stoppage of the oil at the level of the third dor.ral 
vertebra. The upper margin of the oil column exhibited a concave pattern. These 
findings were considered to be diagnostic of a cord tumor. 

Operation . — On May 11, 1936, under avertin anesthesia. Dr. Max M. Feet per- 
foianed a cervical-dorsal laininectom}’ on the patient. An incision was made from 
the seventh cervical to the fourth dorsal vertebra. IVliile stripping away the muscles, 
the dermal sinus was seen to extend down to the spine. The spinous processes 
and laminae of the last cervical and upper four dorsal vertebrae were removed, 
exposing the dura. This was covered by a very scant amount of epidural fat. The 
sinus was found to be connected to the meninges in the interspace between the second 
and third dorsal spinous processes. Upon opening the dura, and incising what ap- 
peared to be a thinned-out spinal cord, a large mass of sebaceous material contain- 
ing a great number of hairs was encountered. This was lemoved by curettcment. 
All of this material was intramedullary and only a sliell of the spinal coid remained. 
Figs. 3 and 4 diagram these findings. The tumor was about 4 inches long, extending 
from the seventh cervical to the fourth dorsal x-ertebra. No attempt xras made to 
close the duia, and the wound was closed without a drain. 
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the Mnus and granulation tis'^ue surrounded with meningeal coverings and exliibiting 
numerous psammoma bodies (Figs. G and 7). Culture of the cyst contents was nega- 
tive for growtii. 

Course in Eospilal . — TIic patient’s condition postoperatnely was excellent after 
tho first tno day'-. He developed a mild urinary incontinence nhich required 
catliotcriration for ten dajs. His temperature returned to noimal by the ninth 
postoperative day, at nhich time the skin sutures uere removed. He uas permitted 
up on the sixteenth day and uas discharged about tno ueeks later. 



rip n. — Photoniici opraph of a croi.*^ section of the .sinus tract Icadlnp from the 
shin to the spinal cord, uith the .section taken just proximal to the canal as .shown In 
Flp Z. The epithelial tract is surrounded b> old pranulatlon tissue. About the 
IxTlphetj the diini and arachnoid ulth psammoma bodies arc seen. 
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Subsequent examination four months postoperatively found him ivalking well, but 
complaining of an occasional mild pain in the left log. One-lialf year later he 
registered no special complaints except of a mild weakness of the left leg and some 
tenderness in the scar. Examination four and one-half years postoperatively showed 
a mild residual paresis of the left leg and trunk, diminished deep sensation in the 
left leg, and a slight residual diminution of pain and temperature sensation below 
the fifth dorsal segment. However, the symptoms were minimal, and there was no evi- 
dence of recurrence. He has been able to complete his university training and is now 
actively engaged in his profession. 

COMMENT 

Am analj^sis of this group of eases reveals the fact that pilonidal 
sinuses occurring' over spinal segments higher than the sacrococcygeal 
region commonly communicate with the central nervous system. Of tiie 
14 cases cited all hut 1 tvere proved at operation. In 12 of these tlie 
lesion extended dotvn to or tvithin the meninges, tvhile in the remaining 
case the lesion was intramednllaiy. The regional distribution of tlie 
sinuses -was as follows : cervical, 1 ; thoracic, 5; lumbar, 3 ; and sacral, 5. 
In all but 2 cases there was an associated spina bifida. There ^vas an 
eveii distribution as to sex. The ages ranged from Syo months to 20 
3 mars, vuth only 5 of the patients over 5 jmars of age. 

The signs and sjTOptoms produced bj' these lesions were primarily 
neurologic. These were noted in infancj' or early childliood in all but 2 
of the proved eases, and ranged from a few days up to tliirteen years in 
duration. As a rule the lesions occurring over the lower lialf of tlic 
spine became infected and produced either a subdural abscess or a 
meningitis. These eases manifested fever, rigidity of the neck and back, 
and all the other signs cliaracleristic of meningeal irritation. The lesions 
occurring over the upper half of the spine usually showed no evidence 
of mfection and presented the signs and symptoms typical of a cord 
tumor. Tlieir common complaint was that of difficulty in walking, due 
to a spastic paralysis of the lower extremities. Sensory disturbances 
were usually mild or absent. Tlie correct diagnosis, in the infected as 
well as the noninfected cases, was made possible only by tlie recognition 
of the midline sinus. Surgical removal of the lesion gave e.xcellent re- 
sults with only 1 mortality in 13 operated cases (7.7 per cent). 

It is interesting to note that the patient whose ea.se is herewith pre- 
sented was apparently free of nonrologie symptoms until lie dcveIoi)cd 
the measles, and that tliere was an exacerbation of the symptoms wlien 
lie contracted chicken pox. These exaiithcms probably produced an 
inflammation of the sinus epithelium, increasing the pre.s.sure on the 
cord clement. s sufficiently to in-odncc a paralysis. Tlie recurrence of 
progressive svunptoms at the time he entered college may he explained on 
thcliasis of sox changes incidental to pnberty. Hormonal stimulation 
of hair growth and sebaceous gland activity migiit well result in an 
increased” prc.ssure within (lie le.ston, sufficient to produce paralysis by 
prc.ssurc on the adjacent cord stmetures. 
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Ovigin . — It is generally agreed by research workers that pilonidal 
sinuses represent a congenital anomaly. However, there exist two main 
schools of thought as to the true origin of these lesions. The first school 
was originated by Herrmann and Tourneux® and Mallory, and its views 
are currently being championed by Gage.®’ ® This group maintains that 
these lesions are due to an abnormality in the development of the medul- 
lary canal, most commonly represented by a failure of obliteration of 
the same in this (sacrococcygeal) region. The second school, originated 
by Fere’ and recently upheld by Fox,^ maintains that pilonidal sinuses 
are due to either an infolding of the surface epithelium or a faulty 
coalescence of the same in earlj’^ embryonic life. 

The case herewith reported apparently presents new and additional 
evidence to the proponents of the first school. Obviousty this case 
cannot be explained on the basis of a failure of obliteration of the medul- 
larj’’ canal. However, the fact that this case, as well as most others 
reported occurring in the cervical, dorsal, and lumbar regions, .showed 
a communication existing between the skin and the spinal cord or 
meninges suggests the probability of an incomplete separation of these 
structures in early embryonic life as the responsible factor. Normally 
the two medullary folds of the embi-jm fuse to form a medullary or 
neural tube, which after four weeks of intrauterine life has become com- 
pletely separated from the overlying cutaneous covering from which 
it originated. In the present case the sinus probablj’^ communicated 
directty between the skin surface and the medullary canal which in the 
adult is represented by the central canal of the cord. This explanation 
seems all the more probable when the findings of Walker and Bucy’s 
second case are considered. In their operative report, discussing work 
on an abscess lying in the meninges, they state : ‘ ‘ The abscess was then 
opened up to a point where the cavity seemed to continue doiviiward in 
a hole which appeared to sink into the dorsal surface of the spinal cord. ’ ’ 
It seems probable that this also communicated with the central canal of 
the cord. 

This explanation for the origin of pilonidal sinuses is also tenable 
for the more common lesion occurring in the sacrocoeej’geal region. 
It must be borne in mind that the medullary canal was also present in 
this region during the early months of embryonie life, but that these 
tissues normally undergo atrophj- and have usually become obliterated 
by the time of birth. Only by means of a microscopic study of serial 
sections of young embiyos exhibiting pathology in the sacrococcygeal 
region can this theory be proved. 

sujdhary 

1. A review of the literature reveals 13 cases of pilonidal sinuses oc- 
curring at spinal segments higher than the sacrococcygeal region. These 
cases are abstracted, and attention is called to the fact tliat the symp- 
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toms are primarily neurologic since these sinuses communicate between 
the skin and the central nervous system. Spread of infection from the 
sinus frequently produced signs and S 3 unptoms of either a meningitis 
or a subdural abscess. The noninfeeted group presented the clinical 
picture of a cord tumor. 

2. A pilonidal sinus occurring over the thii’d doi’sal vertebra is de- 
scribed. This case differed from an^' heretofore recorded in tlie liter- 
ature so far as its dilated cj’stic poi'tion Avas found at operation to be 
intramedullaiy. The signs and sAunptoms produced bj' this lesion were 
tj-pieal of a spinal cord tumor. 

3. The origin of pilonidal sinuses as a congenital anomal.A^ is discussed. 
The ease hercAvith reported suggests that tliese sinuses haA'e their origin 
in a faultj’’ separation of the medullaiy or neural canal from the OA’er- 
l.ying cutaneous epithelium. 

I wish to express my sincere appreciation to Di'. Frederick A. Coiier and Dr. Max 
M. Peet, Professors of Surgery, for their cooperation and as.sistance in this study. 


REFERENCES 


1. Boldrey, E. B., and Elvidge, A. R.: Dermoid Cv.st.s of tlie Vertebral Canal, Ann. 

Surg. 110; 273-284, 1939. 

2. Clark, S. N. : Report of a Case of Spina Bifida Occulta in Cerr-ical Region, J. 

Nerv. & Ment. Bis. 48: 201-205, 1918. 

.3. F6rd, Ch. : Cloisonnement de la cavite pelvienne; uteni.s ot rngin doubles; in- 
fundibulum cutane de la region sacroeoccygienne. Bull, de la Soc. anat. de 
Paris 3; 309, 1878. 

4. Fox, S. L.; The Origin of Pilonidal Sinus, Surg., Gynee. & Ob.st. 60: 137, 193.". 

5. Gage, M.: Pilonidal Sinus, Internat. Clin. 3: 19-32, 1930. 

6. Gage, M.: Pilonidal Sinus, Arch. Surg. 31: 175, 1935. 

7. Hamby, W. B.: Pilonidal Cysts, Spina Bifida Oeculta, and Bifid Spinal Cord, 

Arch. Path. 21: 831-838, I9.3(;. 

8. Herrmann, G., and Tourneux, F. : Lcs vestiges du segment caudal do la nioelle 

epiniere et leur role dans la formation de ccrtnine.s tumours sacrocoooygiennes, 
Compt. rend. Acad. d. sc., Paris 104: 1.324-]32(i, 1887. 

9. Hip.sley, P. L.: Dermoid Ovst of the Spinal Canal, Australian & Now Kealaiid 

.1. Surg. 2; 421, 1933. 

10 Jlallory, F. B.: Sacro-coccvgeal Dimples, .Sinuses, and Cysts, Am. .T. M. Sc. 
103: 203, 3892. 

11. Jloise, T. S.: Staphylococcus Meningitis Secondary to a Congenital Sacral 

Sinu.s, Surg., Gyneo. & Obst. 42: 394-397, 3920. 

12. Ottonello, P.: Contributo alia coiioscenza detle .syndromi rare da tumori 

embriogenetici; dernioide spinnle nssoeiato a rachischisi; dceorso ntipico; 
efticaco intervento cliirurgico, Ri\. di patol. nerv. & ment. 41: 532-.731, 


1933. 


a Route of Infection in 


T! Rinlev AV., and Tliomp.-.on, D. C.; Pilonidal .Sinu.'-c.s ,a.s 

a Case of Staphylococcus Meningitis, Am. .1. Dis. Child. 36: 7.8.1, 1928^. 
14 . Sharpe, IV., and .Sharpe, 


Neurosurgery — Principles, Diagnosis & Trout- 




FUSOSPIROCHETAL ONTCHIA AND PARONYCHIA 
Tiboe Benedek, ]\I.D., Chicago, III. 

(From the Dermatological Department, Mandel Clinic, Ulichael Feese Hospital) 

O NYCHIA and paronychia caused and sustained hy fusospirochetal 
organisms are extremely rave judged hy the scarcity of reports in 
the literature. 

Heller’ in his most comprehensive monograph on diseases of the nail 
ciuoted hut two instances from the world literatui'e up to 1927. 

I have had the opportunity to observe one case of this condition of 
about two years’ duration. The patient was almost uninterruptedly 
under medical care, but due to the peculiarity and rarity of the infec- 
tion, neither were the causative organisms detected nor were efficient 
thei-apentic measures carried out. These circumstances seem to .justify 
the present report. 

RE\TE\V OF LITERATURE 

The oldest report found in the litei’ature deals with observation of 
Carini’’ on onychia ulcerosa phagedenica. He observed in Brazil an 
epidemic of ulcerative processes, persistent and painful, localized on the 
toenails and ending in their destruction. The disease is knomi in Brazil 
under the name “mihciro cpidemico.” The microhic flora of the ulcers 
consists in Bacillus fusiformis plus Spirochaeta plaul-vhwetiii. The 
victims of the infection are mainly peasants walking barefooted on the 
humid infested soil. Iodoform seemed to he effective against the fuso- 
spirochetal infection. 

Aars Nicolayscn^ observed two cases of fusosxiirochetal onyehia. He 
also emphasizes the extreme rarity of this type of infection. He could 
not find any reference to this infection either in the great textbooks of 
surgery or in Klapp’s monograph on panaritia. Prior to his observa- 
tion, there were no publications on the subject in the whole Scandi- 
navian medical literature. 

His first ease concerned a 62-ycar-old dentist with a swollen right 
index finger. The patient stated that a few days previously ho had 
probably ])rickcd his finger with an injection needle just used for the 
anesthesia at the extraction of a carious tooth. Within a few day,s the 
finger had gi-own woi-sc and a wide incision made on the fle.xor side of 
the middle phalange showed the tissue to be grayish, discolored, and 
imbued with a tliin, serous pus of a certain loathsome, foul smell. The 
tendon sheath seemed not to be affected, but the process was .still 
lu-ogrcssing. Along the flexor and extensor side of the finger, incision 
showed the tissue comprising the flexor tendon and the basal phalangeal 
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bone to be to a great extent necrotic. Tliere were no signs of either 
lymphangitis or ascending tendovaginitis. Baeteriologic cxaminatioi 
revealed fusospirochetal flora. Tliree injections of neosalvarsan (0.3 
0.45, 0.6 Gni.) brought about eomplefe healing. 

The second case related to a housewife, 54 years of age, whose riglr 
index finger had been severely bitten by her husband in an epileptic 
fit when she tried to keep his tongue clear of his teeth. The finger veiy 
soon started aching, growing steadily worse. The distal phalange of 
the right index finger was very tender and swollen, but in a rather 
diffuse manner without any firm infiltration or formation of alcscess. 
From the two small wounds a blood-tinged serous fluid v’as discharged. 
The whole finger showed a diffuse edematous swelling, without any signs 
of either l.ymphangitis or tendovaginitis. Intravenous injections of neo- 
salvarsan brought about healing. 

Carone^ reported the ease of a 9-year-old girl who, about six months 
before she was seen, had had a splinter of wood under tlie fingernail 
of the right thumb removed by her mother by means of a nail. From 
that moment she suffered from a suppurative condition starting in the 
bed of the nail, spreading little by little to the distal phalange in spite 
of the surgical removal of the nail. The thumb, however, became 
swollen, the pain was violent, temperature went up to 38 to 39° C., and 
the distal phalange was cxartieulated. This procedure, however, did 
not stop the progress of infection. The proximal phalange became 
swollen to twice its normal size and the skin around it was purple. Pres- 
.sure elicited violent pain. X-ray showed the necrosis of the first 
phalange of the thumb. The fiivst baeteriologic examination, six months 
after the condition started, of the fibrous exudate revealed a jjure flora 
of fusospirochetal organisms. 

Local application of arsphenaminc did not cliange tlic clinical ])iclui’e 
and in order to stop the progress metacarpophalangeal e.xaitieiiiafioii 
was performed with multiple incisions in the surrounding soft tissues, 
which led to total cure. 

Biopsy of different pieces of tissue removed at different points from 
the affected thumb showed a thick layer of necrotic and necrohiotic 
tissue, disintegrating cells embedded in a fibrin network, and a deej) 
laver of tissue in the state of inflammation revealing a histiocytic re- 
action. There were no other characi eristic signs. 


CASE RErORT 

white hov, 17 years old, afTeeted with hereditary dy.Hrophy of the iiail.s and 
lair* c-iaie to’ the di’spensary iii Mareh, 1<»3S, puffering from onyehia and ptironychia 
f scveml fin"ers of ahout'tuo year.s’ duration. .Slnee the .-t.-irt of the affeetion, 
leis alaavr been under medieal care; .-cveral tunc- he has changed id.y-ieian- 
ami the curative measure.- applied have been changed uithont any -„ee,..«. 

■'^iiTiwro.lltarv .Iy..trot.h.v of tie- bafr and n HI- »a- rem-ro d m J tow 
j; 2S.VC33. 19tE 
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Kib. 1. — Smear from the thin fetid pus from underneath the affected nail. Giaiii 
stain. Photomicrograph, 1,500 diameters. 



-section rrom nomatoxylin-eoMn 
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bone to be to a great extent necrotic. There were no signs of either 
Ij^mphangitis or ascending tendovaginitis. Baeteriologic examination 
revealed fusospirochetal flora. Three injections of neosalvarsan (0.3, 
0.45, 0.6 Gin.) brought about complete healing. 

The second case related to a housewife, 54 years of age, wliose riglit 
index finger had been severely bitten by her liusband in an epileptic 
fit when she tried to keep his tongue clear of his teeth. The finger veiy 
soon started aching, growing steadily worse. The distal phalange oC 
the right index finger urns veiw tender and swollen, but in a ralher 
dilfuse manner without any firm infiltration or formation of abscess. 
From the two small wounds a blood-tinged serous fluid was discharged. 
The whole finger showed a diffuse edematous swelling, without any signs 
of either lymphangitis or tendovaginitis. Intravenous injections of neo- 
salvarsan brought about healing. 

Carone^ reported the ease of a 9-year-old girl who, about six months 
before she was seen, had had a splinter of wood under the fingernail 
of the right thumb removed by her mother by means of a nail. From 
that moment she suffered from a suppurative condition starting in the 
bed of the nail, spreading little by little to the distal phalange in spite 
of the surgical removal of the nail. The thumb, however, became 
swollen, the pain was violent, temperature went up to 38 to 39° C., and 
the distal phalange was exartieulated. This procedure, however, did 
not stop the progress of infection. The jiroximal phalange became 
swollen to twice its normal size and tlic skin aronnd it was purple. Pres- 
sure elicited violent pain. X-ray showed the necrosis of the first 
phalange of the thumb. The first baeteriologic examination, six monflis 
after the condition started, of the fibrous exudate revealed a jnire flora 
of fusospirochetal organisms. 

Local application of ar.sphcnamine did not change the clinical jiicturc 
and in order to stop the progress mcfacarpoplialangeal cxarficiilation 
was performed with multiple incisions in the surrounding soft ti.s.sucs, 
which led to total cure. 

Biops.v of different jiicccs of ti.ssiic removed at different points from 
tlic affected thumb sliowed a thick layer of necrotic and necrohiolic 
tissue, di.sintegrating cells embedded in a fibrin network, and a deej) 
laver of tissue in the state of inflammation revealing a histiocytic re- 
action. There wore no otiicr cimracteristic signs. 


CASK RKroitT 

■V wliitc Ijov, 17 years oM, alT.-ritrxl with licrivlitary ily.«.troi)Iiy of the ii.ails unit 
I ir’ came to’ the di.-pensary in March, loas, siifTcrinj; rrom onychia and paroimdiia 
scveml fiJiRcrc of aliout two ycar.s* duration. Since the .mart of ttie affection, 
r I altuivs been under medical car.-; seicral time- lie tias clianjted pliy-iciaiiH 
aLl'the curative measure- applied lane heen changed without any ,-ucce-. 

''TiTlmreditarj- dv.mr.iphy of tie Icfr ami n.i.N rim-rl-d in J. I„v, «t. U-rm ,t. 

4: 2sI-: 93. 19tl- 
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On admission the left hand showed onychia and paronychia on the third and 
fourth fingers, and on tlie right hand the first, third, and fourth fingers were affected. 

Tlie aspect of the affected fingers was the same. The nail wall was red, hot, 
swollen all around, and the redness was clearly marked toward the normal skin. The 
reddened area measured 5 mm. in breadth. The nail was loosened and stuck only 
under the posterior nail wall. The nail bed was deep red, covered rvith a thin grayish 
green, terrible fetid, pus of nauseating odor. The nail phalanges of the affected 
fingers were extremely tender. 

The smell was so unbearable that he wore thick bandages on the affected fingers 
to lessen the odor, but these did only little good. If he took off the bandage, the 
smell in a few minutes was so bad in the consultation room that the window had to 
be opened. 

Smears from the discharges of the affected nails showed pure culture of fuso- 
spirochetal organisms. 

Further laboratory examinations showed: Wassermann and Kahn tests, negative; 
blood: hemoglobin, 70 per cent (Sahli) ; red cells, 4,100,000; white cells, 5,800; 
neutrophil pol 3 -morphonuelear leucocytes, 48 per cent; lymphocj-tes, 52 per cent; 
urine: normal, acid, specific weiglit 1.026; basal metabolic rate: satisfactory, 
variation plus 3.1 per cent. 

X-ray revealed no changes in the distal phalanges of the affected fingers. 

The nail wall of the right thumb was removed for histologic examination. 

The section showed perfectly hyperkeratosis of the stratum corneum. Stratum 
granulosum was present throughout the whole section. The rete malpighii did not 
show acanthosis, but there was a moderate spongiosis throughout the whole section 
with the scattered infiltration of a few wandering cells. Tlie Ij-mph spaces and 
vessels, in the papillary portion of the eorium, were somewliat dilated and surrounded 
with a moderate perivascular infiltration. The dilation of the vessels and lymph 
spaces of the deeper eorium was more pronounced and there was also a somewhat 
denser perivascular infiltration consisting of small lymphocytes. Throughout the 
whole eorium the connective tissue was edematous. No microorganisms of any de- 
scription could be detected in the sections. 

Concerning therapy, a 1 per cent aqueous solution of neoarsphenamine was fried 
as local application under the nail bed, without success. Afterward he was given 
three injections of neoarsphenamine, 0..3 Gm. intravenously every fourth day', with- 
out any result. Finally the nails of all the affected fingers were sttrgiciilly removed 
and under antiseptic treatment cure was attained. 


COMMENTS 

The extreme raril.v of ftiso.spii'Ochctal on.vchia and jiaroiiycliia makes 
it understandable that nobod.v thought of this ])ossibili1y in fhe course 
of this most annoying: affliction of two years’ duration. 

Hudacsek’ could not find among 6,000 ca.ses of difterenf, mostly 
severe panaritia during seven years a single ease of fusospirocliefal in- 
fection. Likewise, not a .single ease report eould he found hr i)ains(ak- 
in<r search in the American literature. The present ease thus seems to 
be^the first report on fusospiroehctal infection of the nail. 

The total neglect of haeterioseopic examination of ihc peculiar thin 
f tid pus of course, cannot he excused by the rarity of the condition. 

Bc cdck, Znkon. and Itania- ll.a of 

uvumination in their ob.servation of a likewise raic afllie- 

ItoTte03pi.«l«lal ,»l»o.n.vomfa of ll.» jaw. Tl.o I oa.,. i. 
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again a warning not to neglect the bacterioscopic examination in eveiy 
instance; in this case it would have saved two years’ misery in the 
patient’s life and spared the extreme annoyance for his family. 

Among the few cases reported, Aars Nicolaysen’s two observations 
have a special interest for us on account of the similar mechanism of the 
infection in my patient. 

His first patient, a dentist, pricked his finger with an injection needle 
used in anesthesia of a carious tooth. His second patient "(ivas severely 
bitten by her husband in aiding him in an epileptic seizure. 

In Carone’s and Carini’s eases injuiy was similarly an important 
element, but human saliva did not come in contact with the injured 
tissues at all. 

From the description of his parents, mj- patient must have had a 
pompholyx of the nail bed anterior to the fusospirochetal infection of 
the nails. Moreover, he had the bad habit of gnawing on the dwarf nails. 

In'smears the oral cavity of this patient (tonsils, gums) revealed, at 
repeated instances, the presence of pure culture of fusospirochetal or- 
ganisms, without the least sign of a fusospirochetal process on the oral 
mucosa. 

With a high degree of probabilitj' it can be assumed that the patient 
having already a pathologic process in the nail bed (pompholj-x) and 
having the habit of gnawing the nails, infected the nail bed with fuso- 
spirochetal organisms of his own oral cavity. 

Fusospirochetal organisms do not start an infection primarily in 
healthy normal tissues. They easily invade, however, bruised, injured 
tissues causing and sustaining for a long time a more or less dangerous, 
slowly progressing infection. 

At the first sight of my patient I had the impression that some 
extraordinaiy, uumsual cause might play a decisive role in the onychia 
and paronychia. The long duration of the infection with surprisingly 
slow progress; the relatively moderate pain, at least in the beginning 
of the infection ; the diffuse, edematous state of the nail phalanges with- 
out distinct localization of an evident center of suppuration; the total 
lack of lymphangitis and lymphadenitis; and last but not least, the thin 
grayish pus with the extreme fetid nauseating smell were the di.stinct 
features differentiating this type of infection from infections with com- 
mon i)us bacteria. 

In Aars Nicolny.scn 's cases intravenous injections of arsphenamine 
had a prompt curative effeet. In my case they totally failed. 

In m> judgment the be.st and most successful way of treating fuso- 
spiroclietal infection (onychia, paronychia, osteomyelit j.s) is the .surgical 
procedure ()f removing the anaerobic conditions (bruised, injured, or 
otlicrwisc imiiaired tissues), the only adequate cultural conditions for the 
existence of these organisms. 
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SUMMARY 

Onychia and paronychia caused and sustained by fusospirochetal 
organisms in a white boy, aged 17 years, are described, seemingly the 
first such observation in the American literature. 

The condition lasted for two years with slow but definite progress, 
without lymphangitis or lymphadenitis. 

Local application and intravenous administration of neoarsphenamine 
were without success. 

Surgical removal of the nails of the affected fingers brought aliout 
prompt healing. 

The necessity of prompt baeterioscopie examination of tlie discliarge 
is iirgently advocated in eAmry ease of this disease. 
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JIALIGNANT MENINGIO^MAS 

A Clinical and Pathologic Study 

OscAK A. Turner, M.D., Winchell jMcK. Craig, 5I.D., and 
James W. Kernohan, M.D., Eochester, SIinn. 

(From ihe Mayo Fotmdation and the Sections on Feuroiogic Surgery and on 
Pathologic Anatomy and Surgical Pathology, ihe Mayo Clinic) 

D espite the voluminotis literature concerning the meningeal tu- 
mors, little attention has been given to the malignant capacity 
^Yhich certain of these tumors exhibit, nor has there been any detailed 
consideration of those growtlis which microscopically have many of the 
characteristics common to the malignant tumors arising elsewhere in 
the body. Although a sarcomatous type of meningioma was included 
in the classification by Bailey and Bucy,^ it has been infrequently re- 
ported and these authors stated that it is rarely encountered. Thus, 
Cushing and Eisenhardt^ in their recent monograph found that but 6, 
or 1.9 per cent, of 313 meningeal tumors could be considered as malig- 
nant, and Baker® encountered 1 sarcomatous meningioma, or 1.1 per 
cent, in his series of 88 tumors. Globus,* however, expressed the opinion 
that sarcomatous meningiomas are not as rare as Bailey suggested and 
attributed the small percentage in published statistics to the fact that 
they are not fully recognized. Emdenee to substantiate this can be 
found in the early report of Craig,® who encountered 11 examples, or 
19.3 per cent, after a review of 57 eases at the hlayo Clinic. Penfield 
and his co-workers,® in a study of intracranial tumors and sjonptomatic 
epilepsy, noted the presence of 5 malignant meningeal tumors, sarcomas 
and fibrosarcomas, or 7 per cent, among 71 examples. Keports of large 
series of intracranial meningeal tumors are not frequently published, 
but from those available it can be noted that the percentage of malig- 
nant meningeal tumors varies considerably. In several of the reports, 
such as that of Frazier and Alpers,' no mention of the malignant variety 
is made. 

In the present study, 370 intracranial meningeal tumors seen at the 
llayo Clinic were examined microscopically. Of this group, 36 were 
selected on the basis of the microscopic examination as showing definite 
malignant characteristics. ith but few exceiUions the 370 tumois were 
operative specimens and in some ca.scs both surgical and necropsy ma- 
terial was available for study. Certain limitations were made con- 
cerning those malignant tumoi-s selected for study in that only those 
were chosen which were formed gi-owths and which could be cla.ssed 
under t he broad heading of meningioma as it confonns to the conception 

nt-cflvi'.l for iHiliUciiUon. March 26. 1S41. 


SI 


82 


SURGKRY 


among neurosurgeons and Jienropatliologists. Thus, 5 cases of perilholial 
sarcoma of the cerebellum, such as Avere described b^' Bailey,® Avere not 
included. A single example of a highly malignant cerebellar sarcoma 
of the EAAung type, probably A’ascular in origin, as aa'cII as a ease of oat- 
cell neoplasm, aa'os also excluded. The latter AA'as possibly metastatic 
from the lung although this AA'as not CAudent clinically. One verj' un- 
usual osteogenic sarcoma of meningeal origin encountered in the series 
has been the subject of a separate report.® 

Of the 36 groAAdhs selected for study, 22 occurred in men and 14 in 
AA'omen. As is to be expected, the majority, 22 in number, occurred 
in the third, fourth, and fifth decades Avith the extremes at the ages of 
8 and 60 years. 

CUASSmCATION 


Because of the A'ariable degree of malignancy exhibited in the micro- 
scopic appearance of the different tumors and the different morphologic 
chai’acteristies, it is necessary to attempt some grouping as a basis for 
study and classification. The classification AAms derwed essentially from 
the microscopic appearance of the tumors studied, and although the basic 
feature aa^s the grading of the degi-ee of malignancy, some attempt Avas 
made also to identify the major structural elements of the tumors. It is 
recognized that any such classification, in a large sense, must be arbi- 
trary and that no sharp line of demarcation exists betAveen the different 
components. 

In meningeal tumors of early or loAv-grade malignancy, the malig- 
nancy, in general, is reflected in the ti.ssue architecture rather than in 
the cell type. These tumors are highly cellular and A'aseular, usually 
AAdth little A'ariation in cell and nuclear size and structure. Little cau- 
dence of psammoma formation is present. Wliorls, if present at all, arc 
not prominent, and usually a definite pattern to the tissue is lacking. 
Mitotic figrrres are present in moderate numbers. Giant colls, if present, 
are in early forms. 


In meningeal tumors AAdth adA'anecd or Avcll-marked malignancy, tlic 
malignant character of the tumor is reflected in the ceil type and struc- 
ture as AA’ell as in the general tissue architecture. 

A Tumors of mcningothclial or related type Aviili malignancy cA'idenf 
in tlie })arenchyma, as contrasted AAdth the folloAving su])group, ai'c cellu- 
lar tumors AAdth little or no AA'horl or ])samnioma formation. iMitotic fig- 
ures are abundant and giant colls arc frequently encountered in many of 
the tumors. There is considerable variation in size and tyi)c of cells. The 
or is quite vascular. The stroma is A\-ell demarcated from the 
narcnclmna and may be scanty. There may bo invasion of dura, brain, 
r A of the .stroma of the tumor itself, itfany of these growths 

bone ana oiAcii oi i"'- ,,,,,, j, 

are composed of large cpflheboid eel/s. ^ 

' -R To the sarcoma-like form, manife.sl in the hin-oi.Ia.stic variety of 

Unrlved from the stromal elements of other forms, there may 
tumor 01 aci 1^1.0 
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be the characteristic streaming, interlacing pattern of a fibroblastic 
tumor, or the pattern of the tissue may be quite irregular and broken. 
In the latter instance, giant cells and bizarre forms may be encountered, 
klitotic figures are present, usually in large ntrmbers. 

JIalignant ttmrors of variable activity, possibly arising from the dura 
itself, are related to the foregoing group but take on certain of the char- 
acteristics of other forms ; that is, the fibromyxosarcoiua, fibroehondro- 
sareoma or osteogenic meningeal sarcoma. These are highly malignant, 
atj’pical growths which have an unusual and bizarre microscopic appear- 
ance witli numerous giant cell forms and other atypical cells, and prob- 
ably are atypical stromal tumors related to the sarcomatous form. 

As can be seen, no attempt has been made to include in the classifica- 
tion the perithelial tumors (peritheliomas and perithelial sarcomas) de- 
scribed by Bailey and by Hsfi,^® the diffuse or formed melanoepitheli- 
omas,”’ or the reticulum-cell sarcoma described by Ynile’^ which is 
probably related to the perithelial sarcoma if not identical with it. The 
so-called primary fibroblastoma of the brain, examples of which have 
been described by Mallory’'* and by Cottrell, is coirsidered to fall in 
the group of sarcomatous meiringeal tumors. The apparently intra- 
cerebral situation of some of these can be explaiired irpon a lepto- 
meningeal origin deep ndthin a sulcus. No mention has been made of 
the clinical aspect of the various gr-orrps; this will be considered along 
with the individual tvrmor tjqpes. 


HEMNGEAE TUMORS OF LOW-GRADE X[ALrGXANCY 


. The consideration of these tumors of low-grade malignancy but, 
nevertheless, of vigorous growth is a necessary preliminary to the con- 
sideration of those which exhibit advanced malignant cliaracteristics. 
As has been stated, it is this group of meningeal tumor's that has received 
the least attention, for whatever consideration has been given to the 
malignant meningeal tumors has been directed to those which are ob- 
viorrsly sarcomatous and, iir mo.st instances, highly malignant. Twenty- 
two tumoi's were studied in this group and among these were all the 
variations of structure encountered in the meningeal tumors. Although 
within the group there were variations in the degree of activity, the 
grading of lliesc meningeal tumors cannot be carried too far. Certain 
common charaeteristies of coll structure and tissue architecture were 
present and will he considered. 


riie 22 tumors were ecpially distributed between male and female 
patients with age extreme.s of 12 and 57 years. All but 2 of the tumors 
oeeurre<i in the third to the fifth decade.s. !More than one-half of the 


tumors uerc removed from the frontal or frontoparietal region, and oth- 
ei-s uere distributed over the remainder of the brain. One growth oc- 
curred in tile cereI)eilo].ontine angle and one, aiiparentlv originatin-r i,, 
the toroular region, involved both sides of the tentorium. Of the size 
and extent of the tnmors, more information will he given later. 



SURGERY 




among neurosui'gcons and neuropatliologisls. Thus, 5 eases oC perithclial 
sarcoma of tho cerebellum, such as were described by Bailey,® were not 
included. A single example of a highly malignant cerebellar sarcoma 
of the Ewing type, probably vascular in origin, as well as a ease of oat- 
cell neoplasm, was also excluded. The latter was possibly metastatic 
from the lung although this was not evident clinically. One very un- 
usual osteogenic sarcoma of meningeal origin encountered in the series 
has been the subject of a separate report.® 

Of the 36 groAvths selected for study, 22 occurred in men and 14 in 
women. As is to be expected, the majority, 22 in number, occurred 
in tlie third, fourth, and fifth decades with the extremes at tlie ages of 
8 and 60 years. 


CLASSIFICATION 


Because of the variable degree of malignancy exhibited in the micro- 
scopic appearance of the different tumors and tlie different morphologic 
characteristics, it is necessary to attempt some grouping as a basis for 
study and classification. The classification was derived essentially from 
the microscopic appearance of the tumors studied, and although the basic 
feature was the grading of the degree of malignancy, some attempt was 
made also to identify the major structural elements of the tumors. It is 
recognized that an.y such classification, in a large sense, must be arbi- 
trary and that no sharp line of demarcation exists betu’cen the different 
components. 

In meningeal tumors of early or low-grade malignancy, the malig- 
nancy, in general, is reflected in the tissue architecture rather than in 
the cell type. These tumors are highly cellular and vascular, usually 
■with little variation in cell and nuclear size and structure. Little evi- 
dence of psammoma formation is present. Whorls, if present at all, are 
not prominent, and usually a definite pattern to the tissue is lacking. 
Jlitotic figures are present in moderate numbers. Giant cells, if present, 
are in early forms. 


In meningeal tumors with advanced or well-marked malignancy, the 
malignant character of the tumor is rcnected in tho cell t.vpc and .struc- 
ture as well as in the general tissue architecture. 

A. Tumors of mcningothclial or related type with malignancy evident 
in the parenchyma, as contrasted witli the following subgroup, are eellu- 
Inr tumors with little or no whorl or jisamnioina formation. Mitotic fig- 
ures are abundant and giant colls arc frequently oneountered in many of 
the tumors. There is considerable variation in size and type of cells. Tlie 
' or is ifnbe vascular. The .stroma is well doinareatcd from the 
nCcnclivnia and may be scanty. There may be invasion of dura, brain, 

1 nc and often of the .stroma of flic tumor il.self. Many of tljp.se growfb.s 

aremnposed of large epitbclioid colls , 

u Tn the sarcoma-like form, manifest m llie fibroblastic variety of 

nv derived from tiic stromal elements of otlier forms, (here may 
tumor 01 
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be the characteristic streaming, interlacing pattern of a fibroblastic 
tumor, or the pattern of the tissue may be quite irregular and broken. 
In the latter instance, giant cells and bizarre forms maj^ be encountered. 
jMitotic figures are present, usually in large numbers. 

Malignant tumors of variable activity, possibly arising from the dura 
itself, are related to the foregoing group but take on certain of the char- 
acteristics of other forms; that is, tlie fibrom 3 ’’xosarcoma, fibroehondro- 
sarcoma or osteogenic meningeal sarcoma. These are highty malignant, 
atypical growths which have an unusual and bizarre microscopic appear- 
ance with numerous giant cell forms and other atj'pical cells, and prob- 
ably are atypical stromal tumors related to the sarcomatous form. 

As can be seen, no attempt has been made to include in the classifica- 
tion the perithelial tumors (peritheliomas and perithelial sarcomas) de- 
scribed bj* Bailej^ and bj" Hsu,^“ the diffuse or formed melanoepitheli- 
omas,”’ or the reticulum-cell sarcoma described by Yuile’^ which is 
probabl}' related to the perithelial sarcoma if not identical with it. The 
so-called primaiy fibroblastoma of the brain, examples of which have 
been described by ilallorv” and bj' Cottrell,^'^ is considered to fall in 
the group of sarcomatous meningeal tumors. The apparentl}' intra- 
cerebral situation of some of these can be explained upon a lepto- 
meningeal origin deep within a sulcus. No mention has been made of 
the clinical aspect of the various groups; this will be considered along 
with the individual tumor types. 


MENINGEAL TU.MORS OF LOW-GRADE JfALIGNANCV 


, The consideration of these tumors of low-grade malignancj' but, 
nevertheless, of vigorous growth is a necessary preliminaiy to the con- 
sideration of those which exhibit advanced malignant characteristics. 
As has been stated, it is this group of meningeal tumors that has received 
the least attention, for whatever consideration has been given to the 
malignant meningeal tumors has been directed to those which are ob- 
viously sarcomatous and, in most instances, highlj- malignant. Twentj’- 
two tumors wore studied in this gi-oup and among these were all the 
variations of structure encountered in the meningeal tumors. Although 
within the group there were variations in the degree of activity, the 
grading of these meningeal tumore cannot be carried too far. Certain 
common characteristics of cell structure and ti.ssuc architecture were 
present and will be considered. 

The 22 tumors were erjualh- distributed between male and female 
patients with age extremes of 12 and 57 years. All but 2 of the tumors 
occurred m the third to the fifth decades. More than one-half of the 
tumors were removed from the frontal or frontoparietal region, and oth- 
ers were distributed over the remainder of the brain. One growth oc- 
luiiu 111 K cell le oiKiiitine ancle and one, apiiamitlv oriyinatin" in 
the torcuhar region, involved both sides of the tentorium. Of the size 
and extent of the tumoi-s, more infonnation will be given later. 


84 


SUKGEKY 


Tliere was considerable variation in the duration of symptoms as 
figured to the time of the first admission to the hospital. In 12 of tlie 
22 cases, symptoms of one sort or another had been present for one 
year or less. The longest historj'- was six years in the case of tumor of 
the sphenoid ridge in a 47-3mar'old woman. At operation this tumor 
was found to have extended widely throughout the anterior cranial 
fossa, and despite a grossly complete removal, the patient died seven 
months after operation with symptoms suggestive of recurrence of the 
tumor. In one instance there was a five-year history and at operation 
a subtotal removal of a tumor of the tuberculura sellae was carried out. 
Death followed from postoperative complications and at necropsy the 
tumor was found to have extended superiorly sufficiently to compress 
the left lateral ventricle and third ventricle and to have invaded the 
sella turcica. In 7 of the 22 eases there were histories varying from 
three to six years in duration and for these 7 the average duration of 
s 3 '^mptoms was just more than four jmars. In the remaining 15 cases, 
the duration of sjunptoms was two years or less and the average for 
these was between eleven months and one year. The average duration 
of symptoms for the entire group was two years and three months. 

The duration of sjmiptoms alone is a poor index of the rapidity of 
growth of a tumor, and it is obvious that tumors situated over relativel.v 
silent portions of the hemisphere will attain large size and even extend 
widelj’’ before making known their presence. As an example, one pa- 
tient having a three-year history was found to have a large fronto- 
parietal tumor which had penetrated the calvarium and extended widely 
beneath the scalp. Similarly, one growtli originating apparenthv from 
the torcular region was foiind to measure 10 cm. in width at the time 
of operation and had caused erosion and multiple regions of destruction 
in the occipital bone. It had invaded the tentorium and presented on 
either side of it. One meningeal tumor was found in the cerebellopontine 
angle in a patient having a history of two years’ duration. At operation 
it was found to have invaded and penetrated the tentorium, causing com- 


pression of the supratentorial structures as well as extending between 
the pons and the ecrebelham and between the cranial nerves. 

Involvement of the bone -was present in S instances. In 2 cases definhc 


invasion and penetration had occurred and erosion and destruction of 
bone were noted in the torcular tumor described previously. In 4 in- 
stances, in all of which there were histories of ten months’ duration or 
less hyperostosis with increased vascularity was evident. 

In this group evidence of recurrence of the tumor occuri-cd in 8 in- 
stances in”whieh there was an average duration of -seven and one-half 
months between the time of operation and the fiml .symptom. In one 
• mnee in which symptoms had been present for nine months prior to 
‘ . ooonnd oncration five months later disclosed a recurrent 

a, ,Ue fi.. o.-cralion, O„o >„.a. 
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all the former signs of recurrence of the tumor "vrere again, present. 
The necessity of care in the interpretation of figures for recurrence may 
be shown by the case of a 12-year-ol<i girl who had evidence of an intra- 
cranial tumor for six months prior to the removal of a large intra- 
cerebral growth. Despite undoubted clinical evidence of recurrence five 
months after operation, death did not occur until two and one-half 
years later. 
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There was considerable variation in the duration of symptoms as 
figured to the time of the first admission to the hospital. In 12 of the 
22 cases, sj^mj)toms of one sort or another had been present for one 
year or less. The longest history was six years in the ease of tumor of 
the sphenoid ridge in a 47-year-old woman. At operation this tumor 
was found to have extended widely throughout the anterior cranial 
fossa, and despite a grossly complete removal, the patient died seven 
months after operation with s 3 ’’mptoms suggestive of recurrence of the 
tumor. In one instance there was a five-year historj’^ and at operation 
a subtotal removal of a tumor of the tuberculum sellae was carried out. 
Death followed fi’om postoperative complications and at necropsy the 
tumor was found to have extended superiorly sufficiently to compress 
the left lateral ventricle and third ventricle and to have invaded the 
sella turcica. In 7 of the 22 eases there were histories varying from 
three to six years in duration and for these 7 the average duration of 
symptoms was just more than four years. In the remaining 15 cases, 
the duration of symptoms was two years or less and the average for 
these was between eleven months and one year. The average duration 
of symptoms for the entire group was two years and three months. 

The duration of symptoms alone is a poor index of the rapidity of 
growth of a tumor, and it is obvious that tumors situated over relatively 
silent portions of the hemisphere will attain large size and even extend 
widely before making loiown their presence. As an example, one pa- 
tient having a three-j^ear history was found to have a large fronto- 
parietal tumor which had penetrated the calvarium and extended widely 
beneath the scalp. Similarly, one growth originating apparently from 
the torcular region was found to measure 10 cm. in width at the time 
of operation and had caused erosion and multiple regions of destimction 
in the occipital bone. It had invaded the tentorium and presented on 
either side of it. One meningeal tumor Avas found in the cerebellopontine 
angle in a patient having a history of two years’ duration. At operation 
it was found to haAm inA'aded and penetrated the tentorium, causing com- 
pression of the supratentorial structures as aa’cII as extending hetAveen 
the pons and the cerebellum and betAveen the cranial nerves. 

InA'olAmment of the bone Avas present in 8 instances. In 2 eases definite 


invasion and penetration had oceun-cd and ci-osion and dcslmcfion of 
bone Avere noted in the torciihu' tumor described previously. In 4 in- 


stances, in all of AA-hich there Avere histories of ten months’ duialion or 
less hyperostosis Avith increased A-ascularity A\ms evident. 

In this "roup eA'idence of reeurrence of the tumor ocenrred in 8 in- 
stances in^Avliieh there Avas an average duration of seven and onc-half 
months between the time of opei-alion and llic fimt sAuriptom. In one 
instance in which svmpfoms had been present for nine months prior to 
deration a second operation five months later disclosed a rca.rrent 
tnmm- 'is’lar"e as that removed at the fii-st operation. One month later 
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the meningothelial variety and all were quite cellular and highly vas- 
cularized. An occasional one appeared to be almost hemaugiomatous 
owing to the frequency with which small but well-formed vessels were 
encountered. Whorl formation was not marked in any, but in several 
the tissue showed well-foimed lobules due to the manner in which the 
stroma was disposed, hlitotic figures were present in all the group, 
but in none were they abundant. Giant cell forms were not seen. 



MENINCiEAL tumors or RUONOUNCED M.VLIGN.VNCY 

In this second group of meningeal tumors in which the malignant 
character wa.s more pronounced, tlic change was evident microscopically 
l)oth in the cell stiucture and in the architectural arrangement of the 
tumor tissue. There were 14 tumoi-s in this group and they will be con- 
sidered together for clinical jnirpo.ses. 

Of the 14 tumors, 11 were in mule patients. The age distribution was 
not unusual with the c.vception of an 8-year-old child from whom a 
large frontoparietal growth wa.s removed. It is of interest that in this 
same family another child had died at the age of 5 yeai-s with the smip- 
toms of stiflness of the legs, tremor, and headache, a diagnosis of gumma 
eerchri having been made by the familv phvsician 
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tumors varied but in none ivere thej^ abundant. The architecture varied 
somewhat with the morphologic character of the tissue. In the fibro- 
blastic tumors considerable streaming and some tendency toward whorl 
formation about the vessels w’ore seen, but discrete whorls and psam- 
moma foi’mation were present to any marked degree in only one growth. 
Lobulation of the tissue was present in several of the growths, par- 
ticularly when the connective tissue was prominent and the tumor was 
of the meningothelial variety. C-fiant cells, as such, wei'e rarely seen, 
although in several of the tumors eaily forms were evident. The cell 
structure varied with the tumor type, but in general there was little 
variation in the size of the cells or of the nuclei. Calcification was 
rarely seen and, when pi'esent consisted of a few scattered deposits. 

In this group there were four tumors in which the parenchjma was 
composed of columns and cords of large epithelioid cells. These cor- 
responded closely to the Type V of Cushing and Eisenhardt, three being 
similar to their Variant 1 and one to their Variant 2. The individual 
cells were large and euboidal or polygonal wifh abundant finely granular 
C 3 doplasm and large chromophilic nuclei (Fig. Ih). In several of the 
growtlis there were scattered regions in which the cells appeared round 
or fusifox’in. Iix one tumor there was considerable variation in the size 
of both nuclei and cells, and large and often atypical nuclear forms wore 
encountered frequently. All the tumor's were well vasculai'ized and con- 
tained a moderate amount of connective tissue distributed in strands be- 
tween the cell groups. No reticulum or collagen formation was noted. 
There was no marked perivascular arrangement, and onlj^ irr one of Dm 
growths was there a suggestion of whorl formation. All the tmnoi'S con- 
tained a moderate number of mitotic figures. 

The malignant appearance of these tumors has been commenled upon 
by Cushing and Eisenhardt, who stated that sarcomatous-like regioms 
were encountered in several of timir 38 examples. In general, these four 


gro^vths represent the most active of the group of low-grade malignant 
meningiomas. Peculiai-ly enough, the duration of symptoms prior to 
operation in the 4 cases ranged from six months to six ycais. 

In the group of low-grade malignant meningiomas, the differentiation 
between those of parenchymatous and those of .sti'omal origin is fre- 


quently difficult and often the morphologic character of the tumoi' is not 
clear In the group there were 4 tumors eon.sidercd to he of eomieelive 
tissue origin. In only 1 was the fibroblastic character highly developed 
fFi" 2), aird in this tumor- early giant cell forms could be identified. 
VllThe tumors showed .some Icndeney toward .streaming, Init witli the 
^xception of that noted previou.sI.v, this was not marked. Vitolie figures 
not abundant and .several lumor.s atrpeared to consist of a mixture 
If Lcningothellal and fibroblastic elements. 

There were marked diftercnccs in the tessue areiufecture ami eel type 
■ ti renninin" 14 tumors. In general, all appeared to be related to 
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and the brain. The tumor was composed of sheets of large cells with hyper- 
chromatic nuclei of varying size. In some regions the tissue appeared epithelioid 
and elsewhere meningotheliomatous. Giant cells were plentiful and mitotic figures 
moderate in number. The tissue architecture was irregular with no whorls. The 
tumor was highly vascular, but there weie extensive regions of degeneration. 

Case 2 . — \ large, frontal, parasagittal tumor occurred in a 57-year-old man who 
had a three-year history complicated by several episodes of local trauma. Alicro- 
scopically, the tumor appeared well encapsulated and composed of cords and columns 
of polygonal cells, similar in many respects to those of the epithelioid variety 
(Fig. 3n). The nuclei were hyperchromatic and showed considerable variation in 
size and shape, and occasional giant cells were observed. There were a moderate 
number of mitotic figures. The cell columns were separated by vascularized strands 
of connective tissue which nerc invaded by the tumor parenchyma (Fig. 36). 



■ J' ^ — C.i«c Z. UiKhly niallcnant tumor of parcnclivniatous origin, a High nmg- 

ninc.uion to ."liow tlic clinractcr of the IndiviiUinl cello N'ote tlio marKcd variation in 
till- sire of the nuclei anil the mitotic (Iguri o. Tumor of epithelioid type (hematoxvlin 
ami i-ooln XoOO) It, To shnu intaolon of tlie supporting .stroma h\ tumor celis. There 
hJis b?on mMislon nf a bind of li>nl{nf7icl connortlvc ti't'suo about *?o\oral 
UicinatoxyUn and <*o‘!in ) 


A large occipitoparietal grontli was rciiiotcd from ii :;(> year old man 
nlto had had sjniptoiiis for nine months prior to operation. Objeetite signs of 
reeiirreiice were pre-ent seteii years after operation, and at the time of the second 
operation, fite tears later, the tumor had imaded and perforated the caUariiim and 
there nas latoUemeiit of the faK. the longitudinal smiis. and the tenloriiini. 
Miero-eopieally. the tumor nas eoiiiposed of iie-ts. s,„all uliorls. and eoliimns of 
I ells s,.[,.,ratisl hy eileina and hyaliiiized coiineitue ti-siie (Fig, -In) The |i-sue 
ao loll, lute xvas ipiite disorganizisl. The tumor eelK taried in ttpe and sire. .«ome 
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IJiu (liirfilioii ol .syni])toins for ihi.s fji’oup was considerably lower 
I him for Die {ri-oiij) pi-ovioiisly considered. Jn one instance the data 
relative to the occuiTcnce of tlie first syniptom.s were laekin- altlioiigh 
lliis patient underwent, iit viirions hospilal.s, five opei'iitions for recur- 
I'onee of a luirietooecipifal tumor. Tlie intervjil i)etween the first and the 
second o])cr!i1ion was three years and six month.s, and the interval be-, 
tween tlie third and the fourth operation was seven months. Of the 13 
lemaining cases, the .iverage duration of symptoms jjrior to operation 
was eighteen montlis. Tiiis includes 4 cases in Avbieh the interval be- 
tween tlie first .symjitoms and operation varied from two to five years. 
In 2 of these 4 cases the tumor was frontal and in 2 it was fronto- 
parietal. liixcluding the aforesaid case.s, the average duration of sjunp- 
toms was six montlis. In 6 of the cases, the duration of symptoms was 
less than one year. 

In 5 instances there ivcrc changes in the ad.iacent bony structures. 
Primary invasion and perforation of the skull occurred twice, once in a 
flat tumor in which both an intraei'anial and an extracranial mass were 
present, and once in a parasagittal frontal growth which had invaded 
the frontal and ethmoid sinuses and had caused considerable destruc- 
tion of the ad.iacent calvarium. In 2 in.stances, in both of which the 
tumor was frontal, erosion of the bone was observed on roentgenographic 
examination. One growth had caused hyperostosis of the inner table 
of the frontal bone, and seven years after operation recurrent tumor 
was present both in the calvarium and beneath the scalp. In the case 
noted previously with multiple recurrences, invasion of the calvarium 
and of the mastoid bone was present at the last operation. 

Patlwlogy.~Ot the 14 tumors, 8 were in the frontal or frontoparietal 
region. Grossly, they varied from moderately well circumscribed global 
masses to the flat, c?^ ylaquc variety. On the basis of the microscopic 
appearance the tumors of this group have been separated into two sub- 
divisions. The first group consists of those tumors which, although ob- 


viousb^ malignant, have retained certain of the characteristics of the 
meningothelial tumors; in these the malignancy can be said to he of 
“parenchymatous” origin. In the second subdivision the tumors can 
be considered to be sarcoma-like and the tumor tissue of stromal origin. 
These subdivisions will be considered separately. 

There were 6 tumors in the former group. In all of these the tissue 
anneared to be more or less epithelioid, related to those described b.v 
Cushino- and Eisenhardt as nonretieulin or collagen-forming epithelioid 
tumors''(Type V). They appeared to have, however, more of the malig- 
nant characteristics than the .similar growths described in the previous 
The essential microscopic appearance of each of the 6 tumors 


will be given. 

1 ee frontal parasagittal tumor was removed from a 38-year-oId 
Case 1- there were regions of destruction in the overlying 

man. Eoentgenograp nc. , tnraor showed definite invasion of tJie dura mater 
calvarium. Microscopicall) , the turn 
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Case 6, — A. large parasagittal tumor was situated above the crista galli in a 
55 year-old man who had had symptoms for two years prior to operation. At op- 
eration the tumor nas found to have invaded the frontal and ethmoid sinuses as well 
as the faK and the longitudinal sinus. Alicroscopically, tlie tumor appeared to be 
intermediate beta ecu meningioma and glioma. The cells contained discrete, deeply 
staining nuclei which varied in size but which were moderately large. There was 
also considerable variation in cell structure. Some cells appeared polygonal and 
epithelioid, but elsewhere the 3 ' were not unlike those of the glioma series. Special 
stains did not disclose evidence of glial fibers, although the cells were well stained 
by pliosphotungstic acid hematoxvlin. There was some tendency toward perivas- 
cular arrangement in some regions where the cells appeared more active. Alitotie 
figures w ere moderatelv- abundant and there vv ere occasional forms suggestive of giant 
cells. The tumor contained little stroma and there was definite invasion of the ad- 
jacent brain tissue. 



„ lip o — Ca=c . 1 . MaliBnani tumor of parcnchjmvlous tvpc. epithelioid varictv a. 
nich m»Rnincntlon to show the character of the cells Note the variation in size of 
hotli the cells and the nuclfi ind the niimeroiis mitotic npures in different .staccs of 
proCTCsslon (hunatovviln and eosin Xt'O) h. To illustrate invasion of the brain bv 
I'”’.'®'’- 1 ''■•'o In G'C Iihotocrajih was completelv surrounded hv tumor 

and v\ell wltliin tlie limits of tlie prowtli (hematoxv lin and eosin xSo). 


Thcfo wore five highly iiialignanl tumors wiiich were iindouiitedly of a 
sareouiatous t.vpe and one growth of a les.ser grade of iiialignaiicy vvhieli 
apiiearcd to he a filiroinysosareonia. There was considcralile difl'eronee 
in the aieliiteetiue of those growths and tlivee structural type.s could he 
vcpaiated. (ine type a]>peiired to lesenihlc t.vpieal fihrosareoina with 
strejiniiiig I ell hundles and a definite tendency toward an intorlaeiii" 
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wore clonjriitcd and oti.cra appeared polygonal. Bizarre, atypical, multinucleated, 
Riant eoll.'i wore abundant and mitotic figures were frequently encountered. The 
tumor wn.s vascular. 


Casi: -I. —An extremely large tumor aro.ee from the .ephenoid ridge in a GO-j’ear-old 
woman with .symiitoms for one year prior to operation. Microscopically, the tumor 
was very cellular and was eoinpo.ecd of small groups and sheets of very large, 
epithelioid cells (Fig. -Ih). There was an occasional suggc.stion of whorl formation. 
Kcticulin was not iircsent and there was no evidence of collagen formation. The 
colLs contained an abundance of finely granular cytopla.sm and large, hyperchromatic, 
and often pyhnotie nuclei. There were no psammoma bodies and only scattered 
mitotic figure.s. The tumor was atypical and represented a less malignant form 
than those already described. Only an occasional giant cell form was seen. 



Tfijr 4 Malignant tumors of the ' '' “ "* - n.— Case 3. To show the 

mnSfd vasculaHty of the tumor tiss of giant cells with atypical 

mancea 'rtto j eosin v220) )ical epithelioid tumor show- 

vanat^n^ in^ the size of the large cells whicH contain an abundance of finely 
granular cytoplasm (hematoxylin and eosin X330). 


5_ A tumor was removed from the right occipital region of a sr-year-old 

man who had had symptoms for sixteen montlis prior to operation. Beourrcnce of 
tl' growth was evident three years following operation. Microscopically, the tumor 
comnosed of columns and cords of tj-pica!ly epithelioid cells which showed ex- 
was jjj gize and shape. Mitotic figures were abundant and there were 

treme (p;g. 5„). Marked invasion of the brain and even 

many a jp ‘ S tumor was present (Fig. 56). Some tendency to- 

the mtrmsic tumor cells was seen in some portions of 

to growtr'^Thf microscopic appearance was of a highly malignant tumor. 
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Cake S. — An oxtcns-ive tumor arobc from tlic inferior i)ordcr of the falx at tlie 
angle between the falx and the tentorium. The patient was a 32-year-old man 
and .‘•ymiitonm had been pres-ent for six weeks prior to operation, ilicroscopically, 
the tumor appeared as a highly cellular growth in which the cells were closely 
approxiniated with no characteristic pattern (Fig. 6a). The cells appeared slighth- 
elongated and contained deeply staining nuclei which showed little variation in 
•size or shape. Only occasional giant cells were observed. There was little stroma 
aside from the presence of a tine intercellular reticulum. There was little degenera- 
tion despite only a moderate number of vessels which were rather widely spaced. 
Mitotic figures were abundant. A section of dura attached to the tumor showed 
marked invasion. This tumor appeared to be one of the malignant hemangioblastoma 
group and might be classified as a hemangiosareoma. It is included in the group of 
malignant meningiomas for purposes of comparison and to illustrate the occurrence 
of tumor.s of vascular origin in the .supratentorial region. 


wsm. 








, t , tumor of .itronial orisln. Note the celUilaritv of the 

' . . ■ 'Jriel. Several giant cells arc pre.'-ent (hem.atoxylin 

■ , bromyxosarcoma. Xote the cellular areas scnanitcil 

: -merous small \e.s.scls (hematoxylin ami eo-:ln XUO). 

f.\.sE o.—A parm-agittal tumor measuring K by 6 cm. was removed from tlie 
fronloparietal region of an K.j-ear old boy in wbom symptoms bad been prc.scnt 
for SIX months prior to operation. Micro-eopieally. the tissue wn« composed of 
large cells showing conshicral.le xarintion in sire and an nimnd.anee of large 
a.ypo-nl mult. nucleated giant cells (F.^. , The tissue pattern .appeared enn- 
r u 'mit:!' eharaeteri-lie streaming was evident throughout. 

1 C n lui. >'\ *rro"uUir, ninl livpvrvliromnlif. rmd mitotu* fipiro- 














rl^l 


■K'l.r 6 a. Case S. Highly malignant • •• ' or compauson with other 

malignant tumors of stromal otigm N i i • • i of the tissue and the 

m-esenci ' flsuies ■ n i ■ o ■ osin X-toD) h/ Case 9 

■onnidlv tumor of stromal origin Note the piesence of giant cells, 

mitotic^ tissue pattern (hematoxylin and eosin x220). 

Case 7. A speemien from a recmient paueto occipital tumor uas reraotcd fiom 

1 47 rear old man. This growth has been pienously ref ei red to la legaid to tlic 
numerous and rapid recurrences aftei reniotal. Microscopical!}, the tumor appeared 
to be a rapidly giovting, lugbly cellulat fibrosarcoma. The cells varied in size and 
hape from those tj-pically fibroblastic to those which appeared but slightly elongated 
oral The nuclei rtere prominent and chromoplulic and there was a moderate 
°u °ber of mitotic figures. In some areas, where the cells appeared elongated. 
Interlacing of cell bundles occurred, but elsewhere the cells were dis 
SrS sheets. No'gtot cells were obserted. A rather heaty capsule to the tumor 
showed marhed imasion by tumor cells 
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compact. In many places giant cells of various tj-pes were abundant (Fig. Sa). 
Some -nere ^ery large mth an abundance of clear, verj- finely granular cytoplasm 
and one or two small nuclei. Others were large and irregular in outline with less 
cytoplasm and four to siv very large, irregular nuclei which took the basophilic 
stain deeply. Mitotic figures were abundant. Degenerative changes were extensive 
and foci of liquefaction or granular degeneration in many regions caused pseudo- 
palisading of the cells not unlike that seen in glioblastoma multiforme (Fig. S6). 
The tissue was vascular, containing many well-formed, small vessels, some of which 
showed overgrowth of the vessel wall. Calcification or whorl formation was not ob- 
served. Tlie tumor had no capsule other than a layer of compressed tumor tissue. 
Special stains disclosed no glia fibers other than those present as a result of invasion 
of the contiguous nerrous tissue. Comparison of the tissue removed at the two op- 
erations repealed no essential difference in the microscopic appearance. 



at}i;lcal rnalign.mt tumor which had many or the 
m Kllohlnstoma multiforme in olace«. but which was of meninBcil 

eolm 'veont ,'■■■ . ■ ■ present (hematoxylin and 

oo^in u. To *5|i . (lie ti**sue find Iho tcndcnrx* 

O-^oudopallsadina- due to ■ ■ ,lln and co.lb X130). ^ 


Iho general np!)earancc of thi-. tumor was not unlike that of glioblastoma 
multif.irmc with p-eiidopali^aditig of the ceils, multinuelcated giant cells, and 
mergriiwth of the walU of the >.nialler xesseK. Ilowctcr, elo-er inspection left no 
d.iiht as to (he iiieni„^,..,l onj,,» of the growth. The obiiinil eour«e was mmli 
as w-is to be exis'et.sl from the iiiabgilant appear.inee iiiii roseopically. 

CtM It — A large tumor iin asunng Ml mi. iii diameter was reiiitned from o\er 
the rigid ffont'il i oii\e\it.\ in a \e-ir old woiiiaii. S_\mjitoiiis had bi'en pre-eilt 
for ti.r.s- months an.l roentgenographie examinctioii disclosed erosion of llic frontal 
1.01 e in the tegum of the growth. Mirroscopl,. ixamniation showed the tumor to lie 
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were abuiulant. Tlie growth is regarded ns a higlily anaplastic form of malignant 
inonm^oniii of connective lisKuc orig^in. 

Case 10. A large tumor S by G cm. in diameter arose in the frontoparietal 
region of a 40-yoar-old woman. Symptoms had been present for five years prior to 
operation. Bticroscopically, the tissue had an irregular pattern but with some inter- 
lacing and streaming of cell bundles (Pig. 7n). The indiridual, cells appeared 
larp and elongated and contained deeply staining nuclei. There was considerable 
variation in eell size and numerous large multinucleatcd cells were present. A 
moderate number of mitotic figures were present. The tissue was cellular and con- 
tained many small vessels. 

Case 11. growth measuring 10 cm. in diameter was removed from the right 
prefrontal region of a 37-yeaT-old man who had had symptoms for about two months 
prior to operation. Ilecurrenco of the tumor was evident about one year after op- 
eration. Jlieroscopicallj', there aiipearcd to be somewhat less streaming than in 
the other growths. In some regions there was an occasional whorl about vessels. 
Mitotic figures were present in moderate numbers, as were giant cells. Huclei ap- 
peared large and hyperehromntic. The tissue was quite cellular and highly vascular. 

Case 12. — As has been noted, one growth was classified as a fibroraj-xosarcoma. 
This was an hourglass tj'pe of tumor removed from the parietal region of a 44-ycar- 
old man. He gave a history of having had a small mass, not unlike a sebaceous 
cyst, over the parietal region for about six weeks prior to admission. At operation 
this was found to be the cxtiacrauial portion of a flattened tumor which had per- 
forated and invaded the slrull. The intracranial portion, wiiich apparently had 
taken origin from tlie region of the longitudinal sinus, Imd invaded the dura. 

Microscopically, tlie growth was poorly encapsulated. The tissue was composed 
of typical elongated fibroblastic cells in large and small groups separated by wide 
regions of liiglily myxomatous tissue (Fig. 76). Mitotic figures were moderately 
numerous, particularly in tlie more cellular regions wliere tlie tissue lind no charac- 
teristic pattern for the most part. However, in some portions there was a moderate 
amount of parallelism and streaming of cell bundles. Tbe growth was extremely 
vascular, with tliin-walled vessels which in some places had tlie appearance of being 
formed by the neoplastic cells tliemselves. In general, the tissue had a loosely woven 
appearance and tliis was true even of the more cellular portions. 


ATYPICAL TUMORS OP UNCERTAIN ORIGIN 


There were two growths whicli, although of undoubtedly meningeal 
origin, were highly atypical and wdiich because of their unusual charac- 
ter were not placed in either of the preceding two groups. Although 
both of these tumors were probably of stromal origin, tliey shoived 
sufficient variation from those previously described to allow being 
considered separately. 


^ ]eft basofrontal tumor measuring 6 cm. in diameter was removed from 
a 49-year-old man who had had symptoms for seven months prior to the first opern- 
t'on Evidence of recurrence of the growth was present eight and one-half months 
after operation despite radiation in the interval. At the second operation, eleven 
+1 the first the tumor was found to have extended bilaterally. Miero- 

tlie tissue appeared quite atj-pical and varied considerably in different 
scopma }, individual cells were elongated and 

portions 0 'mp- ratlier large, chroniophilic nuclei which varied moderately 

.pindle-shaped, disposed in sheets, but elsewhere the tissue 

wasTr'egSir “wiA sfme interlacing of cell bundles. Here the tissue appeared quite 
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in 1934-, reported briefly a ease of “spiiidle-eell sarcoma of the dura” 
in the liypophyseal region in -which death occurred four months follow- 
ing the appearance of the first symiitom. At necropsy, three round, 
nodular, metastatic tumors -\vere found in the liver, the largest the size 
of a walnut. The second case referred to was that reported by Foot 
and Zeek.'® The patient was a 45-year-old man who died six weeks 
after the first sj-mptom from a melanoma arising in the meninges of the 
right temporal region. At necropsy a dozen melanotic nodules were 
found in the hmgs and the intracranial tumor was considered to be the 
primary lesion after a careful search had failed to disclose any other 
possible primary site. In both instances noted, operation had not been 
performed and irradiation had not been given. 

Distant subarachnoid and intraventricular implants are not to be 
included under the heading of metastasis and .should be looked on as 
“seeding,” a process essentially different from the pathologic view- 
point. Such remote implantation of tumor is the result of the dissemina- 
tion of viable tumor fragments by the cerebrospinal fluid and is fre- 
quently seen in medulloblastoma and choroid plexus papilloma and less 
frequently in other gliomas. In general, the property of giving rise to 
distant metastasis, which has been termed one of the cardinal properties 
of the malignant tumor, is rarely encountered in the meningeal growths, 
despite the degree to which other evidenees of malignancy may be 
present. In none of the highly malignant tumors described here u’ere 
there any associated secondary growths outside of the nervous .sy.stem. 

The general conception, frequently quoted in textbooks, is that the 
meningiomas rai-ely if ever invade the brain but rather compress it in 
the lu-ocess of expansion. Ncvcrlhclc.ss, Globus has .stated, “It is neces- 
sary to correct at this point a .statement made frequently that the menin- 
■lioma never passes beyond the pial barrier and never penetrates the 
l)rain. In the large ntnnbcr of the tumors inve.stig.nted in this .study, 
the tumor had invaded the brain tissue to variable depths.” This has 
also been found true in the pre.sont .study. Reference must be made to 
tlie tendency noted by Cusliing and othei's for meningiomas to recur 
after a variable time, dc.spite what at the time of operation appeared to 
t)(‘ a complete removal of the tumor. This indicates that many of these 
tumor,-, are. le.ss cnca)isulatcd and IcSs .sharply defined from the adjacent 
cerebral tisstic than would appear grossly, and reappearance of the 
growlli must be eon.sidered as conlimuince rather than recurrence of 
tl>e tumor. In certain instanee.s, particularly if there has been piece- 
meal roTno\ al oi if the ttunor has been broken across in the process of 
removal, tin; meningiomas exhibit a tendency to seed in the adjacent 
untsctc or scalp. Although this cannot be looked on as eerlnin evidence 
of malignancy, it indicates a decided activity on the jiarl of the tumor 
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compoi'Cd of inoilcnitelj- Inrpc, f.liff)itly clongiUcd cells wliicli were irregularly dis- 
posed, at tirties in columns and cords, Ijctwecn sfrands of connective tissue. The 
nuclei ivei'o somewlinf irregular in shape and showed considerable variation in size 
(Fig. 9). In .“omo regions invasion of the larger connective tissue str.ands by 
tumor cells was apparent. A coar.se reticulum was pre.sent between the cells and 
coll groups. There were no giant cells, but mitotic figures were pre.«ent in large 
numbor.s- throughout the tissue. There was .some evidence of invasion of the ad- 
jacent cerebral tissue, but fiom tlic surgical .specimen thi.s was not certain. 



n o Atvniral hirfilv malisnant tumor, probably of stromal origin, 

^ i^’iTr^oeration Note the frregularity of the tissue and the variation in cell 
ana°nucletr smo Mitotic figures are present (hematoxylin and eosm X365). 


COMMENT 


The concept of the malignant tnmor as an autonomous, invasive 
o-rowth capable of giving rise to distant metastases requires some revision 
Tn respect to the malignant meningiomas and, indeed m respect to 
LtTthe tumors arising within the cranial cavity. ^ 

a 41 o+ intracranial tumors do not metastasize outside of the 
’" Cl and spinal chambers, and a survey of the literature discloses 
cianml ^ intracranial growtli has given rise to a similar 

few instances i Nelson.- in 1936, was able to find 

lesion outside ot t publication of his article 

in the hteratuie fo . t ^.jj^nanial tumors. Of these, 2 eases could 
I 'XsiLfed^tt Sroup of meningeal tumors. Brandi.- 
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tliesc tumors of advanced malignancj- do not differ clinically in their 
various tj-pes, but rather in their microscopic appearance. Inasmuch 
as they must be included under the group of meningiomas, it seems best 
to designate them as malignant meningiomas, indicating a specific 
variety with an essential origin from the meninges rather than as sar- 
comas, Avith which term the significance of their origin is lost. At the 
same time, the use of the descriptive term contrasts them with the or- 
dinary benign variety of meningioma. 

CONCLUSION.S 

1. About 10 per cent of all meningeal tumors arising ivifhin the 
cranial cavity are microscopically malignant when judged by the type 
of cells, the architecture of the tissue, and the presence of giant cell 
forms and mitotic figures. 

2. The malignant meningeal tumors may be divided into those which 
are of earlj' or low-grade malignancy and those which are of advanced 
or high-grade malignancy. This diffci'cntiation is reflected in the 
changes in the architecture of the tissue in the low-grade malignant 
tumors and in the changes both in the cell type and structure and in 
the tissue architecture in the tumors of advanced malignancy. 

3. The classification and differentiation of the various morphologic 
forms of these malignant tumors arc based on the concept of these 
tumors as variations and admixtures of structural elements of tivo types. 
Tlie epithelioid type of tissue forms one extreme and the fibroblastic 
or stromal type of tissue forms the other extreme. Thus, the tumors can 
be considered to be of parenchAunatous or of stromal origin, and mixtures 
of the tAvo types may occur in any one tumor. 

4. Jlaligiiancy in these meningeal tumors tends to accentuate the 
character of the predominant type of tissue, Avhothcr it is of the 
parenchymatous or of tlie stromal A-ariety. 

5. Variations in structure in each of tlio types of the tumoi-s of ad- 
vanced malignancy are duo in ]>art to the anaplastic process Avith 
progression beyond tliat of simple malignant change. 

G. The term malignant meningioma is to be preferred to the term 
.sarcoma, Avliich might bo applied to some of tlie.se growths. The former 
indicates a specific variety of tumor Avith an e.ssontinl origin from the 
meninges and contrasts these tumors Avith the ordinary benign menin- 
giomas. 

7. There is, in the main, a close correlation betAvecn the microscopic 
grade of malinnancy and the clinical coin-se Avhen the duration of .symp- 
toms. size of the growth, and location are all taken into account. 


Ri:n'.iu:Nci-s 
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ccriainly not prosont in all the meningiomas. Cushing and Eisenhardt 
cited sovci-al ni.slanees of tlii.s, some of them in tlio variety which they 
described as malignant. 

Ocitoll s'' conception in reducing the factors of lawle.ssness and malig- 
nancy in cancer to terms of “miensiiy or tempo of growth” is particu- 
larly adaptable to the first group of tumors described here, those of low- 
giade or early malignancy. Craig, in his discussion of the malignant 
meningiomas, noted three stages in the metamorphosis of a benign to a 
malignant tumor; (1) hypertrophy of the cells, (2) h 3 ^perplasia or an 
increase ol einbr.vonie undifrerentiated cells, and (3) the migration or 
invasion of tlic surrounding tissue by emlnyonie cells. He graded the 
tumors on the basis of cellular differentiation, mitotic figures, and the 
general tissue structure, and noted that in those meningiomas in which 
the grade of malignanc.A’ was low, whorl formation was observed. In the 
present studj’, whorl formation rvas seen infrecpientlj’^ in the first group 
and with rare exception it was absent in the tumors of advanced malig- 
nancy. 

As Foot"® has noted, the classification of the meningiomas based on 
the histologic nature of the tumors may be considered as variations in 
structure from the epithelioid tj’pc at one end to the purely fibroblastic 
or stromal variety at the other end. This conception of the meningiomas 
as compound tumors explains the variet}' of forms in both the benign and 
the malignant group in which either the parenchjmiatous or the stromal 
elements may predominate or compose the entire growth. It appears 
to be a characteristic of the malignant meningiomas that the composite 
makeup of the tumor tissue is lost or minimized with one of the ele- 
ments, either the parenchymatous or the stromal, predominating in the 
final picture. Thus, lualignancy appears to accentuate the type of 
growth whether it he of meningoeytic origin, derived presumably from 
the arachnoid villi, or of stromal or fibroblastic origin, derived from 


the pia-arachnoid. In many instances, however, although one may 
predominate, remnants or indications of the association of the other may 
he found on careful examination. 


The frequent bizarre and at.ypical forms which are encountered are 
to be considered as the progress of tlie anaplastic process beyond the 
stao'e of simple development of sarcomatous or malignant properties. 
The fiant cells, frequently seen in the more malignant of tlie tumors 
descidbed here, were considered by Globus as evidence of vigorous cell 
o- -owth Globus considered these cells as establishing a link between 
Sg^jjjeningiomas of quiescent type and those acquiring malignant ehar- 
It°is to be noted that in many of the tumors of low-grade or 
early or incomplete forms of giant cells were noted. 
i.e made of the „ac ot U,e .earn m.„m- 

. • vpferpnee to the term sarcoma which miglit be applied to some 

giomainp determined at the present time, 

of these growtlis. As lai 
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tliesc tumors of advanced malignancy do not differ clinically in their 
various types, but rather in their microscopic appearance. Inasmuch 
as they must be included under the group of meningiomas, it seems best 
to designate them as inaligirant meningiomas, indicating a specific 
variety with an essential origin from the meninges rather than as sar- 
comas, with which term the significance of their origin is lost. At the 
same time, the use of the descriptive tenn contrasts them with the or- 
dinary benign variety of meningioma. 

CONCLUSIONS 

1. About 10 per cent of all meningeal tumors arising within the 
cranial cavity are microscopically malignant when judged by the type 
of cells, the architecture of the tissue, and the presence of giant cell 
forms and mitotic figures. 

2. The malignant meningeal tumors may be divided into those which 
are of early or low-grade malignancy and those which are of advanced 
or high-grade malignancy. This differentiation is reflected in the 
changes in the architecture of the tissue in the low-grade malignant 
tumors and in the changes both in the cell t\"pe and structure and in 
the tissue architecture in the tumors of advanced malignancy. 

3. The classification and differentiation of the various morphologic 
forms of these malignant tumors are based on the concept of these 
tumors as variations and admixtures of structural elements of two tv-pes. 
The epithelioid type of tissue forms one extreme and the fibroblastic 
or stromal type of tissue forms the other extreme. TIius, the tumors can 
be considered to be of parenchymatoms or of stromal origin, and mixtures 
of the two types may occur in any one tumor. 

4. jMalignancy in these meningeal tumors tends to accentuate the 
character of the predominant typo of tissue, whether it is of the 
parenchymatous or of the stromal variety. 

f). Variations in structure in each of the types of the tumors of ad- 
vanced malignancy are due in part to the anaplastic process with 
progression beyond that of simple malignant change. 

6. The term malignant meningioma is to be preferred to the term 
sarcoma, which might be applied to some of these growths. The former 
indicates a speiffic variety of tumor with an essential origin from the 
mcningc.s and contrasts these tumors with the ordinary benign menin- 
giomas. 

7. Ihcrc is. in the main, a close correlation between the microscopic 
grade of malignancy and the clinical course when the duration of svnip- 
toms. size of the growtii. and location are all taken into account. 
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Clixical Obskrvatioxs axd Arterial. Blood Oxygex Studies Durixg 
Treatmext of the Disease With Sodium Tetrathioxate 
AXD Sodium Thiosulfate 

Fraxk V. Theis, JiLD., axd 31. E. Freelaxd, Ph.D., Chicago, III. 

(Frnm (hi Departments of Surgery, Jiush Medical College of the Umcersity of 
Hhnots and the Preshytenan Hospital) 

I N THE troaliDoit of tliromljoangiitis obliterans consideration should 
he siven to the three fact ora in the pathology of the disease; (1) hio- 
eheinieal blood changes; (2) peripheral thromboses resulting in circula- 
tory deficiency, infarct.s, and gangrene; and (3) local infection. T'or the 
patliologic blood condition’ we have used intravenous injections of -so- 
dium tetrathionate (Na-S^On-lTjO) and sodium thiosulfate (XajS-O^. 
oII.D).' Pavacx treatmonP is indicated for the circulatory deficiency 
resulting from arterial thromboses. Local infection of the peripheral 
tissues is usually treated with hypertonic (25 per cent) magnesium 
sulfate dressings. Because of the succc.ss in the treatment of thrombo- 
angiitis obliterans with the inorganic sulfur compounds some of our clini- 
cal observations and results of arterial blood oxygen studies are here- 
with reported. 

The following cases illustrate the clinical course of the di.sease and 
the changes in the arterial blood oxygen Avhich followed treatment. The 
patients were divided into two groups: (1) without infection and (2) 
with infection. Oscillometric and stabilized peripheral temperature 
readings were taken on all patients. Although the biochemical blood 
changes which followed treatment were fairly con.stant in the two groups, 
the clinical courae dih'eicd hceausc of the infection. 

TtlUOMUOAXGimS OnLlTr.UxXS WITHOUT ixfectiox 

1.— Mr X.. iigcd c:'i jotir-. of Xorwegian ile-cent, \\a^ first cMiiiiincil .Tunc 7, 
rugor\np: wnU tUromlnmngiiti'i oLtilcrjxiis of ah four CNlrcinitic- of tlirce 
X curs’ .iuration. .\n CNcruciutingty gninful ulcer iiboiit the si/c of a quarter on 
the right fir-t toe luu! hcen jifc-xent for three months. There x\as no infection, 
(■(iiiiliinl re^t jinin« iiml intermittent ehunlicntion (one half block) had forced him 
to gne tip Ins «ork n« n jiatternmnker. The o«eillomctric indc.v of the right nnklo 
and tiuit of Imth nri-t- nerc utmost rero (I'lg. 1). He nils a heaxy cigarette smoker. 

Buxeeklx mjeetums of so<l,u„i thiosolfnlo xxero fotloxxed in pi.v necks lix- comjdote 
relief from rest leiin' and improxemeiit in llio intermittent claudication "nnd ulcer. 
Ih-pile the improxeiaent and gnm of tliirtx fixe pounds in xxeight the temperature 
of tlie toes temnined uncliange.l for more than txxo months. Paxaex treatment for 

t’lirmcl Ass,H.i„i„n M,rcl, t. l?tl. at Ann Arbor. 
n.s.K.il txir I'ublK vtkm. xpril jotj 
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tile organic occlusion in the periplicral arteries Yas then started and uas followed 
by rapid elevation in sbin temiicratures and the ulcer healed (Fig. 2). After 
periodically continuing biwechly injections for three jears ho has remained in ex- 
cellent health without further treatment (four jears) although ho is still smoking 
moderately. 



j-jg, 1— Patient clinicallj well ^[“fouV^e^tremities were involved Relief fror 

-omboangiitis right foot and healing of a gangrenous infarct of tli 

3 s^®'''®f®g^g®n^p’^dent of changes in the peripheral temperatures (Fig -). 

, of treatment the erythrocj-te count varied fiom 4 4 to l.o mil 

During the course normal relation bctiicer 

ns and the hemoglobin indexjrom^^^ 

3 colorimetric ° ],envj smoking, an injection of sodium tliioHilfafe 

inths of no treatmen . yojnmes per cent with an ervthroevtc 

sreased the oxj'gen ^ . t^c hemoglobin value of 85 per cent remaining 

unt of 5.7 millions and colorimet 
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unchanged. One year later when the patient was clinically %Yell but still smoking 
moderately the effect on the oxygenation of the arterial blood of smoking two 
cigarettes was as follows: 



OXYGEN' 

C.tRBOX-MOXIDE 


C.tP.triTY 

.SATURATION' 

COXTEXT 


VOI.UJIES % 

% 

vorAwrE.s 9c 

Arterial blood 




June 2S, 1937 : Receiving treatment. 




pmoking moderately 




Before smoking 

17.9.9 

93.15 

47.0S 

After smoking two cigarettes 

17.22 

ss.oo 

46.92 


Comment . — Clinical improvement with complete relief from rest pains 
and healing of a noninfeeted ulcer of the toe followed twelve Ijiweeldy 
injections of sodium thiosulfate. The peripheral skin temperatures re- 
mained unchanged for two months. Pavaex treatment rapidly elevated 
the temperatures to the normal level. While the patient was clinically 
well, although continuing to .smoke moderately, Ihe oxygen saturation 
of the arterial blood was reduced 5 ])er cent by smoking two successive 
cigarettes. This reduction did not occur in more than fourteen control 
patients but was observed in other patients with tluomboangiitis ob- 
literans. 



>*i.**i I'v'V.’V’*' ^ fi'iiii Ti‘it iiiln- (Kic. 1, C.!-*' 1) fi>llo\M<l tmtmi nt of tlx* 

iV^ coMflUlon MUh biu(4Kt> Injtollon'* »>f vo»livnn tlno'^ulfitv for ‘<t\ wooK*- 
ln{pro%« imnt thv tt niiwr-uvir. irm*\lneU 

nnPlmnuMl. Kaplt) <l»\ntlon of «Kln followotl pi\a 4 x t!i itment. 

^ 4-, \onr-.. a Mc\ic:m frciglit Irimllcr. ua- adtiii(!c(l on 

fVI. L'O, 10. :l, ‘•iiffcriiix uiili -,ncr»‘ intermittent elainlii ation (one liked, t and rc-f 
inini of the right leg. Suae Deeemtier, Iti::"., svheii he thought that he had frnren 
Ihe right foot, the -\m|itom., h-d l.i'.onie progrevi-nely uor-e. He laid been a heaw 
“inoher of Mevn-in < igarette.. 

He leneiine,! ,,, the ho-,„i:,l for four <l:u- Imt .ontimad biunl.K injeition- 
of Midimn thio-nlfate for a,.,.-, fo...,,.,, f„„„ 

A.,u lemiaratnre- follouis, treatment. Although he n d laarv Meoking he 
renn.ned to.n,, ht.lv eo.„for,.,Me. He „a, then nnalde to return fiu three w eet . 
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bccnuso of inclement weiither. Two days before his roaclmission on Dec. 20, 1934, all 
the i)rcvions syinploms vecurreil and the right .second toe suddenly became black and 
excnicintingly painful. 

For two months other forms of treatment without the inorganic sulfur com- 
pounds were used without relief from pain. From 0,000 to 8,000 c.c. of Ringer’s 
solution was given daily for four weeks. Badly infected teeth were extracted and 
bacterial filtrates of Slrcplococctts riridnns wore obtained and given intradermally 



3._pat.ent olmically weU (UecernUe^ 

gangrenous ulcerations ^Sl^emfor two months, relief fioni pain did not occur until 
following other foims^f -re. t^^ sodium thiosulfate was resumed (Ca.se .). 
two week.s attei ii 

Ti -te tlie lack of subjective lelief the peiiplieral temperatures 
without effect. Desp iolloued daily injection.s of sodium 

increased G» C. Prompt i ef iron I ^ nn.pntatod. Complete 

tUiosulfate for two weight (Fig. 3). 

recovery was lapi an ° • ^ud di.scontinuing treatment for six months tie 

After resuming heavj s although the legs have remained in excellent 

disease recurred in both hands 
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conJition (mx years.) . He is now enjoring fairly good Iiealtli nitli periodic treat- 
ment altliougli lie lias numerous finger deformities as a result of tlie disease. 

The oxygen saturation of the arterial blood during a period of treatment and 
complete abstinence from smoking nas considerably below the normal level. The 
initial elTect of smoking was an increase in tlie oxj-gen saturation; 



oxrcES 

CARBOX-proXIPK 


CAPACITY 

S.VTUPATIOX 

CONTEXT 


vot.rwEs % 

% 

VOr.f.UE.S % 

Arteruil blood 




.Tun. 27, IMS; Clinically improred, 
no smoking or treatment for 




.some months 

Before smoking 

After smoking one cigarette 

18.27 

SO.Po 

92.12 

49.91 

49.5(> 



clinical Improvement occurred after involienient of both Imrer 
aftcu infarcts occurred In the nnKcrs of both hands 

I' « -) auM r* ^umptfon of heuvy smoklnp and dl’scontlnum;: Ireiiirpcnt. 


Comntoif. Ihe liv.st ticulc attack of throniboaugiiti.s oliliterans with 
impctvdiug gutiuveuc \v;\s veUeved vvithin six weeks hy iittvavenoDs sodium 
tliiostilfalc. Hccurn'iieo followed di.seontintiatiee of trejitmeiit and re- 
sumption of iieavy .smoking. Other foims of treatment were then used 
lor two months without relieving the severe rest pains de.spitc inereasod 
imvipheral tempevalures of The pains were relieved wiliiin two 

weeks after ivsuinptwm of the inovgauie sulfur thevai\v. ^Vhile elini- 
rally well and not Mimking the low iiereentage of oxygen saturation of 
the arterial blood was mereased to the normal hwel (Table II hy smoking 
one eigniette. Tins mitml fleet was aeeomj.anied hy elevation jj, blood 
)wess,nv. meu-ased pulse rate, ami peripheral vasoeonsirietio,,. The srs. 
lemie mwd for these „.sponM-s may explain the almost um-mitrollai>le 
desiie of p.Uients witli lliromhoiingiitis obliterans to smoke. 
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Case 3. — Mr. K., upiccl -IS yenrs, a gentile grocery store clerk, was referred April 
17, 1939, because of a previously diagnoced thromboangiitis obliterans of the left 
foot and leg. In :May, 1937, the right leg -na.s amputated elsewhere. Following 
resumption of smoking, pains, coldness, and discoloration developed in the left foot. 
Pulsations were palpable in the dor.salis pedis, posterior tibial and popliteal arteries. 
No treatment or further examination was made at this time. 

He returned on July 27, 1939, with the arterial pulsations in the foot no longer 
palpable. Oscilloraetric index at the ankle was zero. The blood examination showed 
er\'throcvte count of 4,.lo0,000, hemoglobin index of 78 per cent, and leucocyte count 
of 7,430. These blood findings were associated with the following initial oxj-gen 
capacities of the blood; 


OXYr.EX 

CAPACITY S.VTUR \TIOX 

VOLCMES % % 

CARBOX-DIO.XIDE 
CONTENT 
YOLFMES % 

.Arterial blood 
.Tuly 27, 1939 : 

Before injection 

11.00 

90.10 

45.80 

After 0.0 Gni. sodium letiatliioiiatc 

11.70 

S7.40 

44.30 

Ang. 10, 1939: No treatment since 

July 27, 1939 

Before injection 

17.00 

90.10 

44.70 

.After 0.0 Gm. sodium tetratbionate 

17.00 

90.30 

43.90 


Bi-weekly in.iections were continued for one month when he reported that he was 
feeling niucli beitor and had gained ten pounds in weight. It is doubtful that be 
had discontinued .smoking. 


Comment . — Clmical improvement which followed introvonoiis sodium 
Ictvalhioimtc was accompanied hy marhed increase in the oxygen capac- 
ity of the arterial blood. Tiic initial oxygen capacity was far below the 
normal level. Tlic colorimetric hemoglobin index and erythrocyte count 
remained uncliangcd despite tlic marked increase in oxygen capacity two 
weeks after one injection of sodium letrathionalc. 


C-ssr, 1. — Mr. H., aged <i3 years, a retired .\merican gentile salesman, was admitted 
.Tan. 29, 1910, sutTering with advanced bil.alcral thromboangiitis obliterans. 

0-ci!IofnctnV reading*, of botli lower legs were almost rero. Boentgenograms were 
negaloe for arteriosclerosis. He was an ijmisiiallv heavy cig.aiette and pipe smoker, 
itiweekls injection- of soduini tetmthionate were followed by marked improve- 
ment in tlie hiochemistry of the blood ami in the eliuical svmptouis. At tlie prc.senf 
tune ( I ehni’ir.v, 1941) he walks Uve to si-.; Idoehs witlioiit distres- and feels well. 

The re-ults of the iiloo.l o\.\gen studies were as follow-: 


.\rtenal bhu-l 

It, ItMU; Initial, new ea-e, 
cuttani-d t-niol.ing 1 wV.. 
Before inji-etion 

.After 9.1 (•,, 11 . i.-trathion-i! 

April 'J'.. ItMO; Iliwclti ini*s-tioii- 
* '‘‘E -'I; 1'' to : Biw,..l,)v inps-fioris 


iiwi.rx 1 .vunox-ntuxinr 

1 M'.M'ITY S \TI"U\TII 1 .\- CONTEXT 
voi.rMEs A'r A'r yoi,t;mi's c-,. 


1 l.<0 (17.^0 iS.liO 

e H.70 CiT.lO -IS.OO 

1 1.iTO 9i'..lO 49.i’.o 

1 1.'‘7 91.20 47.00 
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The incrciitcd oxygenation of the arloriul blood from 07 to 00 per cent was ac- 
companied by marked improvement in the initially elevated blood sugar, cholesterol 
and cholesterol esters, total fatty acids, and low glutathione. 

Comment . — Jlarkcd clinical improvement followed biweekly injections 
of sodium letratliionate. The initial low percentage of oxygen saturation 
of the arterial blood increased to the normal level. The oxygen capacity 
remained unchanged and below normal for the colorimetric hemoglobin 
value whieh was present. 

Ca.se 5. — ^llr. B., aged 42 years, .a gentile .salesman, was admitted to the hospital 
April 17, 1939, suffering with bilateral thromboangiitis obliterans of both lower 
extremities. For years he smoked two to three packages of cigarettes daily and he 
was a heavy drinker. Daily injections of sodium tetrathionate and pavaex treatment 
resulted in relief from pain within three weeks. This was accompanied by rapid im- 
provement in the sedimentation time of the blood (Table II). 

Table H 



TIME FOR IS MM. OF 
CELI.S 

(lixzexmier method) 

REMARKS 

April 

18, 1939 

25 min. 

Intensive treatment (lva.S,Oc.H.O) started 

April 

19, 1939 

30 min. 


April 

24, 1939 

30 min. 


April 

29, 1939 

35 min. 


Mav 

G, 1939 

1 lir. 15 min. 


Mav 

14, 19,39 

2 lir. 55 min. ^ 

Normal values 

Ma'y 

21, 1939 

4 hr. 25 min. J 


June 

10, 1939 

6 hr. 10 min. 


July 

22, 1939 

4 hr. 30 nun. 


FTov. 

3, 1939 

1 hr. 20 min. 

Resumed heavy smoking; recurrence 

Dec. 

2, 1939 

1 hr. 20 min. 


Jan. 

24; 1940 

6 hr. 00 min. 

Intensive treatment 

Feb. 

2, 1940 

4 hr. 00 min. 


Feb. 

24, 1940 

4 lir. 30 min. 


March 

25, 1940 

6 hr. 35 min. 




The oxygenation of the arterial blood was as follows: 


OXYGEX CARBON'WOXIDE 

CAPACITY SATUEATIOX CONTEXT 
VOI.U.MES % % VOLUMES % 


1-1.29 

14.30 

14.61 

20.00 

20.20 


51.20 
S7.10 

80.20 

91.40 

94.20 


47.10 

45.70 

46.40 

38.50 

39.00 


Arterial bloods 

April 19, 1939 : Initial, lieaiy smoker 
Smoked two cigarettes 
Smoked four cigarettes 
July 22, 1940 : Bi-weekly injections 
Before injection , , 

,^fter 0.6 Gm. sodium tetratluonate 

rnmniejit— Marked clinical improvement witli eomplete relief from 
rest nains followed three weeks’ treatment witli sodium tetrath.ona e. 
The hiitial low percentage of oxygen saturation and oxypiyapacdt 
The mit levels. The gradual improvement in the initial 

01 ...0 !.« OUH... is 

TAle II. T1.C1-C ™s ,.o or mtoot.o.i present. 
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THROMBOAXGIITIS OBLITER ^X.S WITH PECOXDARA' IXTECTIOX 

Baeteiiologic studies ot siueai’s and cultures obtained from ulcerated 
or infected areas tailed to account for the unusual features of these in- 
fections. A numbei ot aciobic oig.inisnis uere present either in pure 
culture or in a mixed infection Xo anaerobic giouihs ueie obtained. 
Sircpiococcits vhidan^ and Siaphplococcus aiacwi were most frequentlj 
lound, although oiganisms of Escherichia, Pseudomonas, Sfa 2 )liylococcus 
iilbus, and Coi.Miebaeleiium gioups ueie occasionally piesent. An ex- 
cised thiomboscd dot sails pedis aitery (Case 1) did not pioduee bacterial 
giouth on a number of cultuic media. 

e.— Mr. L, aged 4<i >c.ir«, a .Tow, fir'-t eviniined March 4, 1040, 

haring su/Tered aUli hilateral (Jiromboanpiitis obliterans of the loner ostremitieo 
^inre 19 »0. During the tonroir period he had elsouhcre bilateral eemcal and 
lumbar «} mp ithcetonn am! nine peripheral nerce operations Amputation of tbe 
right leg na“ refused .ind ho oariie to us for treatment For more than tncntj fire 
rears he had consumed more than trro paikages of cigarettes d.uh. 

On iidmi'ision to the Prc'hrtcnan Hospital he rr.is bedridden nith .an infected 
iilierateil right font and first toe (Fig 5). Extreme unremitting rest pains rrerc 
present for \reek« Six nceks of daiU injections of sodium tctratliionate rrerc fol 
ioired hr marked improremont in tlie pam and infcetion. On Vpril 17, 1940, a rredge 
sliiiped rcscetion of (he toe- n.is performed hecau'c of extensive osteomrelitie c]e«truc 
(ion of the Iiones Ho rr.is disoliarged on .Vpnl 20, lOin, and periodic .illr since then 
he his re< cared hirrc'eklr mjeetions and p.ir.aex treatment (Fig 0). Although the 
operalire rround rr is slorr in healing and he sometimes has burning p.iin in the! 
iie.iled first toe. he is no« iietiro and enjoring f.iirir good health (one rear! 

Arteri.il Wood oxrgin diOc rmin itions were m.ide four months after discontinuance 
of smoking ind treitment 


oxrntx ( \i !!Ox Moxiiij 

c acre ITX srTierTiox coxTfXT 
\oHMts </c % roll \it„s 'fr 


\rteriii! blood 

Oil 17. VMo Xo Iri itmeiit or smoKing 
for 1 mil 



Ht fi>n* mj(H itou 

17 w 

■)( 70 

.■)i.2n 


\ft« r 0 b (tin •■(itiujm tr itlnon itt' 


fi7 10 

•iS to 

Dll 

"t. I*M(> Hiui 4 Kh injf 1 tion** *if 
’•othinu t* !r ilhjnJntj' 

17 (. 

00 .0 

'!« SO 

Dm 

1’* l‘MO Jr, ifiitiijj * 2 . 

ll. 20 

00 70 

41 on 


Comiiluit — M.ukccl eiuuc.il nuprcncincut foHorrtd mkIuuu teliMlbio- 
untc tbei,i|n iii a nt rrith infcelc'cl g.ingic'iinus ulcci.ition of the font 
Usirrluie eeiricai anij luniii.n s\ tiip.ilhtcliiimc s niicl tmillijilc pciijilicral 
uein It SI et mils r\t II jn ) foi i, ccl Orel .i teii-r ear jiei iocl rritlimit afiVetiug 
tin coutso of ilu ilisi.is, rollcirriiig Ills itfus.il of atiijiutalion (he pa- 
in lit e.nm utnht out cat. Aftn elmn.i! impmrc'inf til oeiurncl and no 
III iHiniit iiid l.ci, girui tor jovu mouths artcii.al 1.1 .k«I oxrgcn st„d,Vs 
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wore carried out. Tlie initial percentage of oxygen saturation was un- 
usually low but increased to normal after intravenous therapy. 

Case 7. — Mr. B., agod 27 yciu.s, a Liitliuaniaii gentile electrician, vas admitted 
to the hospital March IS, 19.30, having suffcicd for one year witli thromboangiitis 
obliterans of both lover o.xtremities. There weie infected gangrenous ulcerations 
of the left fiist, fourth, and fifth toes and adjacent poition of the foot. He vas a 
heavy cigarette smoker. 



Figs 5 A and B.-Clm^oai -eco^ and'= 

tool folloved Vtfi.l?foperat?onrhad been performed elscnl.ere (Case C). A. Before 

f sodium thiosulfate neie followed In relief of pain within mx 
Daily injections o „£ tlic three gangrenous toes and healing of the 

weeks, but spontaneous . ^ ‘ Because of the infection, pinaex trcatnicnls 

wound did not occur for Four months later he returned to work. 
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Almost two yeaif- later on Aug. 31, 193S, he was readmitted with infection of the 
remaining toes of the left foot. Injections of sodium tetratliionate and pavaex 
treatments resulted in sufficient improvement to permit lii.s discharge Oct, 12, 1938. 
He then re.sumcd lioavy .smoking, but liis condition continued to improve and he 
returned to work in January, 1939. In February, his foot again ga\e him trouble 
and he was refused furtlior treatment because he would not stop smoking. Amputa- 
tion of the leg was then performed elsewhere and he remained in the hospital for 
nine months without the wound completely healing. 



hi Mn\ l.‘io, I,, r, f,,,, „ ^ 

-..-.km,: « n h.. ,n,o. ...oUmnent of both hands 

('ffi.w'.'/'bui "" trina-T.-ac. Clinical imprme.mem 

ni.,.s,„ins „f f.,hu,„ tctraiUmmUr for Ihr.-,. w.-As. Ti,^ initial 
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oxynon saturation of tlic aiterial blood (femoral artery) of SI per cent was in- 
creased to !)2.-f per cent followinfr Hie first injection. Tiio clinical improvement was 
a('com])anicd by an increase in the sedimentation time from one liour to six liours 
(Linzenmier method). 

<7om«icii/.~ Complete recovery followed two seriovis attacks of infected 
gangrenous ulcerations of: the fool. With tlie tliird reeurrenee, amputa- 
tion was performed elsewhere. Two year.s later both hands and the 
remaining fool became involved and tlio patient retinmed to us for treat- 
ment. DFarked clinical improvement was accompanied by a normal per- 
centage of oxygen saturation of tlie arterial blood and by normal sedi- 
mentation time. 



, ■. U riinical recovery from two serious attacks of infected canpre- 

Figs. 6 A and followed treatment (Case 7). Amputation was perfornied 

nous ulcerations /”°'^tldrd lecurrcnce. Recentij- tJic patient returned to u.s foi 
elsewhere band's and the remainins foot involved. A. Before treatment. S. 

treatment with hotii nam 
^fter treatment. 


red ;!5 ve.ar.s, a gentile automobile incclianic, Huffered uitli 
Case s. Mr. r •, oj {l,romboaiiKiiti.s obliter.ans for eight months prior 

progressively severe ulcerations of tlie second, third, and fourth toes, 

to the development of gan,,i 
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He was admitted to a ho‘-pital elsewhere where he refused amputation and was 
discharged. 

Ho was admitted to the Presinferian Hospital on April 2G, 1937, with a foul- 
smelling, moist gangrene of the three lateral toe« and a patch on the second too of 
the right foot. The distal third of the dorsum of the foot uas purplish red. Arterial 
pulsations were ahsont and the oscillomctnc inde\ was 0.3 unit at the right ankle 
and l.j units on the left ankle. 



lie f/.* — 'T, , ill,., for 1, 


I> ul\ tnj*'* tn n^ «»f * 
\f- \ t] ffuin tilt I 

in itn • nt Jfs Ml Miilnsl 


hum l.lrnlhi.m.t.- u.re (ontimiul for one w,ck when he was 
•i'llHl Ho then .ontmu.sl low,, Jh inj,.ot,on. and p:a.a.,\ 

, ,, of t|„. 1 ,tord thiee 

CM wi. - lU. . !. i.ii.n, , 
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ox-yjioii .sufuiiKum of (lie julciiiil Wood (foHioiiil aitcry) of Si per cent x\as in- 
cieiiM'd to !)2.‘l per cent follonitiK tlio first injection. TJio clinical improvement nas 
accompanied by an increase in the sedimentation time lioiii one boar to .si\ iiours 
(Lin/onmioi method). 

Comment . — Complete I'ceovevy follmvcd tM’o serious attacks of infected 
gangrenous ulcerations of the foot. With the third recurrence, amputa- 
tion was performed elsewhere. Two years later both hands and the 
remaining foot became involved and the patient returned to us for treat- 
ment. ]\Iarkcd clinical improvement was accompanied liy a normal per- 
centage of oxygen saturation of the arterial blood and by normal sedi- 
mentation time. 



1 isiir.,,-!!! recovers- [torn two serious uttacks of infected Ranfrio- 

Figs. 6 a and lTO.-vtmcnt (C.ise 7) .Mimut.ation was perfornied 

nous ulcerations of ,ecuirente Recentb the p.itient returned to us foi 

2lsewdiere because of ^third^ie^^ Before treatment J. 

treatment w’ltn ooui 
After treatment. 


XT o.t .1.1 vo.-irs, ji gentile !iutoiiiobile meclianic, siifTered with 
C.'iSE S. Jlr. i throinbo.aiigiitis obliterans for eight iiiontlis prior 

progressively sctere iiJecrationb of the .second, third, and fourth toes, 

to the development of gangicnoii 
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HjO)® which we found to he slower in action but more prolonged in its 
effect than sodium thiosulfated* The tetrathionate is not as rapidly 
eliminated in the urine as free sulfate as is the thiosulfate. 

In acute eases when the immediate effect of the medication is desir- 
able, we alternate daily injections of the thiosulfate uith the tetrathio- 
nate. As the acute stage subsides we continue periodic biweekly or 
weekly injections of the sodium teti'athionate solution. The usual intra- 
venous dosage which we have been using is 1 Gm. of the sodium thio- 
sulfate and 0.4 or 0.6 Gm. of the sodium tetrathionate dissolved in 10 e.c. 
of sterile distilled water. Transitory reactions may occur uith either 
drug, but as a rule they are relieved by drinking a glass of watei*. 
We have obsciA'cd no serious reaction in almost 8,000 injections. The 
appearance of the blood and an occasional sedimentation test are usually 
sufficient evidence as to the eouise of the disease. 

Pavacx treatments arc used for deficient circulation due to throm- 
!)otic occlusion of tlie peripheral arteries These treatments, competently 
and adequately given, aie beneficial in improving tlie peripheral circula- 
tion. In completely lecovcred patients all treatment may be discon- 
tinued, but when smokiiur has been resumed, periodic injections should 
be continued. 

COMMENT 


The clinical results in the trc.itmcnt of more than si.\ty patients uitli 
thromboangiitis obliteians have been most eneourasin". esjiecially in 
view of tiie heretofore ])oor jirognosis of the disease.-' We have observed 
numerous recurrences, but in every ease sinokimr had been resumed and 
it Mas possible that the treatment had been inadequate or piematurels 
discontinued In tlie past se\en yeai-s, sis patients had minor surgical 
procedures and one icouiied ma.ior ai. putation because of extension ol 
serious secondars infection. Another patient after a thiul recurrence 
of tile disease had a major amputation elsewhere, but he retuined to us 
two seal’s later with both iiands and the lemaining foot imolved 
Neithei amjnitation nor s>mpatlietie nerve opeiatioiis had eliainred the 
colli se of the disease in the patients whom ne have ohsersed. <Hir 
eliiiieal lesuhs ate in shnip contrast with those of Iloilon and Biowii" 
who n ]iorted the eseiitiia! loss of one oi mote limbs in 20 to 30 per cent 
of tilt patients and who. like Homans-' and de Takats ami Ke\ nohls=‘ 


lepoiteii amiHitat lolls for relief fiom intractable pain. 

'fhe most eonst.int chemical blood eliatnie which wc delected was a 
thficuiU owircuati.m of the aiteihd blood in the .aclise staue of the 
dlse.ise .Table 1 1 The peieditam' of o\\<reil s.iHil.lllon w.is es]ioeially 
low .Iitei smokiinr had hicii eitilaih.l or .liscontimied and w.is necotn- 
p.uuetl hs low hb.o.1 I.i.ssuie and h\ a slow puKe i.ite The tiiiiisnallv 
h.w owceli eap.lcits in some acute e.is, s oeeitt i. d .iftei lu.isv smokilm. 

.-lonu p.iti.nts with ihi..mh.Mmriitis .ihhtei.ms h.i<i tisthio.wte eouiUs 


• ■ -Im.n 1. U OM n It. 1 I- 

1. 1> ttl ^ <• . flltl- 1- , 


n i.-M-tr..! C, - to . vj r. i rii illt i, 1 mj a. i i,j 
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ox'collent liealHi (four years), but at his own request he still is receiving bimonthly 
injections of sodium tetrathionate. A recent arterial blood oxygen analysis was 
normal ; 


OXYGEN 

CARBON-DIOXIDE 

CAPACITY 

SATURATION 

CONTENT 

vonuMrs % 

% 

VOLOltES % 

Arterial blood 



.Tan. 2;(, 19-11 ; Complete clinical roeoveiy 



Before injection 21.50 

92.00 

43.60 

After 0.6 Gm. sodium tetrathionate 21.50 

93.30 

42.50 


Comment . — Eapid and complete recovei-y of a patient with infected 
gangrenous ulcerations and thromboangiitis obliterans followed treat- 
ment with sodium tetrathionate. The oxy^gen capacity and oxygen satu- 
ration of the arterial blood is now normal and he is enjoying excellent 
health. 



1 oiimrnl recovciv (four jears) from Infected j;anf?rc- 

Fig 7. — ed intravenous sodium tetiathionate and pavaex treat- 
nous Ulceration of looc, lo 
ments (Case o). 


Method of Investmtwn.-Mothods and procedures were the same es 
in »».■ previon, puMicn.i.ns E»npt whe-o md.enlrf, 

^ ® . in 1 11-111 nhtained from the nghl radial artery, 
arteria oo lo 1937, only sodium thiosulfate 

Method of for treatment of the palhologic blood con- 
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from 4.5 to 6 millions and colorimetric hemoglobin values of 75 to 95 per 
cent ■\vilh abnormallj' low oxygen capacities. The normal relation be- 
tween the oxygen capacitj’- and the colorimetric hemoglobin value^® usu- 
allj’' returned after treatment with sodium tetrathiouate or sodium 
thiosulfate and with clinical improvement. 

Clinical improvement accompanied the increased oxygenation of the 
arterial blood, but from two to six weeks were usually required for 
complete relief from rest pains. This delay was probably due to the 
time required for readjustment in the systemic pathophysiologic 
changes which resulted from the low oxygenation of the arterial blood 
during the active stage of the disease. Although fairly normal oxy- 
genation of the arterial blood may be present after the first few injec- 
tions of the inorganic sulfur compounds, it seemed advisable to con- 
tin\ie the treatment for many months. Smoking should be permanently 
discontinued, but it has been our experience that smoking was resumed 
by the large majority of these patients despite all advice and personal 
e-xperienee to the contraiy. 


CONCLUSIONS 

The clinical results in the treatment of the biochemical blood changes 
in acute or active thromboangiitis obliterans with sodium tetrathiouate 
or sodium thiosulfate and of the peripheral circulatory deficiency due to 
arterial thromboses with pavaex treatment have been most encouraging. 

Deficient oxygenation of the arterial blood was usually present during 
the active stage of the disease. Following treatment for two to six weeks, 
the increased oxygenation of the arterial blood rvas accompanied by 
clinical improvement and in some cases by clinical I'ecovery (five years). 

The oxygenation of the arterial blood in the majority of patients with 
thromboangiitis obliterans which we studied Avas affected by smoking. 


9. 

to. 


REFERENCES 

Koga G.: Treatment of Spontaneous Gangrene of tlie E.xtremities, Peufsolie 
Ztschr. f. Chir. 121: 371-382, 1913. 

McArtliur, L. L. : Tliroraboangiitis Obliterans of Buerger: Modified Koga 
Treatment, S. Clin., Chicago l: 499-503, 1917. 

gilbert S.: Treatment of Thromboangiitis Obliterans, J. A. M. A. 86: 1759- 
1761, 1926. 

gilbert S. : Thromboangiitis Obliterans: Results of Treatment With Hyper- 
tonic Salt Solution, J. A. M. A. 94: 1730-1733, 1930. 

gilbert, S. : Thromboangiitis Obliterans, Surg., Gynec. & Obst. 61: 214-222, 

Steele" W A : Sodium Citrate Treatment in Thromboangiitis Obliterans, 
J. A. M. A.’76: 429-431, 1921. 

lAtever W.: Conservative Treatment of Gangrene of the Extremities Due to 
Thromboangiitis Obliterans, Ann. Surg. 63: 280-296, 1910. 

■RiEinnwitz H M.: Thromboangiitis Obliterans: Newer Concepts on the 
Phvsiopathologv and Treatment, Am. J. Surg. 21: 260-271, 1933. 

Rnbiiiowitz H. M-: The U.se of Sodium Iodide Thiosulfate in the Ireatment 
of Thromboangiitis Obliterans, J. Chem. 13: 1-4, 1936. 

■Rabinowitz H. M., and Kahn, .1.: Relationship of Phospholipin Metabolism 
‘to Thromboangiitis Obliterans and Its Treatment, Am. .1. Surg. 31: 3.9- 
339, 1936. 



POOL: MYELOSCOPY: IXTRASPI.VAL EN'DOSCOPY 


171 


cannula. The needle is provided u-itli a standard adaptor to rvhich a 
spinal fluid manometer or syringe may be fitted. 

C. Ilhmiination . — The illuminating system consists of a small tubular 
carrier (Pig. 2, D) through Avhieh a wire runs to the miniature light 
socket at its tip. The socket is eccentrically placed so that when dis- 
placed through the lateral hiatus of the cannula tip, the light bulb lies 
outside the cannula. The proximal end of the light carrier terminates 



I>K - .1. nwCIc (stylft partly withdra-nn ) . c. Obturator. 

8>stem. E. Lens system with eyepiece. 
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system. This arrangement aftbrds inateriat reduction in tiie diameter of 
the cannula. Tlie external end of the cannula is equipped with an 
adaptor to receive the obturator or the lighting system. The adaptor is 
provided ■with a right-angle stopcoek in which any standard syringe 
may be fitted for purposes of irrigation, introduction of oxygen, or col- 
lection of cerebrospinal fluid. Along the side of the cannula is a milli- 
meter scale to Sacilitate accurate insertion of the instrument. 



FJg". 1,— 'Myeloscope assembled for visualization, 

B Obturator and Gtnde Needle. — The obturator consists of a rigid 
metal tube which closely fits the lumen of the cannula (Fig. 2, C). Its 
tip tapered to a point, extends approximately 1.6 mm. beyond the end 
of the cannula. Through the core of the obturator runs a No. 19 hollow 
“euide” needle (Pig. 2, B), which may be advanced well ahead of the 
obtui-ator tip The needle is provided with a stylet. On the handle 
of the needle there is a millimeter scale, corresponding to that on the 
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latter may be vised. The sitting position greatly facilitates midline 
insertion of the instrument, one of the most important factors of a suc- 
cessful myeloscopic examination. The greater hydrostatic distention 
of the arachnoid and dural envelopes in the sitting posture also facili- 
tates introduction of the instrument into the subarachnoid space. Mye- 
loscopy should not be attempted 'within four or five days after a lumbar 
puncture, as the postlumbar puncture escape of cerebrospinal fluid into 
the epidural space renders myeloseoivy difiieult. 

When the patient has been prepared as described, a small verti- 
cal incision is made in the skin at the point of the proposed puncture 
with a No. 11 scalpel blade. This incision, not more than 2 to 3 mm, in 
length, should be continued through skin, subcutaneous tissue, and inter- 
spinous ligament for a total depth of 1 to 1.5 cm. in order to establish 
the proper midline pathway for insertion of the myeloscope. 

Insertion is accomplished b.v advancing the cannula (Fig. 2, A), 
whicli has been previously fitted with the obturator (Fig. 2, C) and 
guide needle (Fig, 2, jB), along the scalpel tract and then 1 to 2 cm, 
farther, so that the tip of the instrument comes to rest about two-thirds 
the distance from skin to dura mater (Fig. 3A). The guide needle 
(Fig 2, B) is now unlocked from its “neutral” position (indicated by 
the zero mark on its handle), and advanced ahead of the resting can- 
nula until the dura mater and arachnoid membrane are penetrated 
(Fig. 3B). In doing this, two points of minor resistance are generally 
appreciated, one being caused by passage of the needle point through 
+he ligamentum flavum, and the other by its passage through the dura 
mater. The stylet is then removed, whereupon cerebrospinal fluid flows 
out the needle, ilanometrie studies, if desired, should be carried out 
at this stage and specimens of cerebrospinal fluid obtained. 

The precise distance from obturator tip to the subarachnoid space 
is now determined, by noting the distance the guide needle has been 
advanced. This distance is read from the millimeter calibration on the 
handle of the needle. The needle must now be restored to and locked 
in its original neutral position. The whole instrument (cannula with 
obturator and needle) is then advanced the required distance, by refer- 
ence to the millimeter scale on the .shaft of the cannula. The tip of 
the obturator should now have penetrated the dura mater and arachnoid, 
leaving the tip of the cannula just outside the dura (Fig. 3C). 

The position of the instrument should be cheeked by withdrawing 
the stylet or the entire guide needle, where upon cerebrospinal fluid 
should flow freely. If no fluid is obtained, it may be necessary to 
advance the instrument anotlier millimeter or two. It is helpfiil to 
realize that the penetration of the ligamentum flavum and of the dura 
mater can be appreciated by the sense of touch. It should also be re- 
membered that a space-occupying lesion or deformity of the spine may 
l>revent proper insertion of the instrument. 
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m a rounded plug- fitted with an electrode, thus furnishing contact with 

iat Dij niies. An aperture in the center of tliis plug receives the lens 
system. 

D. Lens Systcm.~ThG mewing system (Fig. 2, E) consists of a thin 
metal tube sheathing a series of lenses wliich provide a universal foerrs. 
Tlie intraspinal end of t)je lens s.rstem terminates in a small window, 
W’liile the proximal or extraspinal end has a conventional eyepiece. Two 
lens systems are furnislied, one of wliicir encompasses the field of vision 
almost directl 3 '' ahead of the instrument, rvhile the other provides ap- 
proximately a right-angle view. This is the more useful. 

E. Range of Vision . — The range of vision varies from approximately 
0.5 to 2.5 cm. from the lens window, being limited bj' the curvature of 
the spine, the degree of illumination, and the nature of the pathologj’. 
Structures close to the objective are magnified, while those at a distance 
are diminished in size, though the entire field remains in sharp focus 
at all times. Bj' rotating the ej’epieee, inspection of the subarachnoid 
space within an arc of 360 degrees may he readily aeeompUshed. At 
times it is necessary to rotate the entire instrument until satisfactory 
visualization is obtained. The field of vision may be further altered or 
enlarged by advancing or withdrawing the lens system within the can- 
nula. 

STERILIZATION 

All except the glass-bearing parts of the instrument, including the 
rubber-covered battery wire, are sterilized by boiling. 

The lens and lighting systems are sterilized by immersion for fifteen 
minutes in a solution of e.vstan green* made by dissolving one tablet 
in a pint of u'arm water. The parts should bo rinsed in sterile di,s- 
tilled water or saline solution before being used. 


EQUIPJIENT FOR MYELOSCOPY 

The necessaiy equipment includes: m.veloscope and battery; novo- 
cain solution; 2 c.e. sja-inge and hj^podermic needle; small medicine 
glass for sterile saline solution (should it be required for irrigation); 
No. 11 scalpel blade; sterile drapes; sponges; sterile glove.s. 


TECHNIQUE OF JIYEI.OSCOPY 


The patient is arranged as for an ordinary lumbar iiuncture, save 
that the skin is prepared with iodine and alcohol over a wider area. 
Suitable drapes are applied, and a few drops of 1 jier cent novocain 
iniected into the skin at the site of the proposed puncture. Apprehen- 
sive patients should be given preliminary medication. If is advisable to 
nlace the patient in the sitting po.sition, leaning well forward, instead 
of usin« the customary recumbent posture on the side. altJiough the 
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ing, which can then he enlarged by gently tilting or rocking the whole 
apparatus. Should wisps of epidural fat or arachnoid membrane inter- 
fere with visualization, further advance or rotation of the lens system 
may be necessary until the lens lias either passed the obstructing tissue, 
or brushed it aside. On rare occasions, it may be necessaiy to inject 
2 to 3 c.e. of warm sterile saline solution through the adaptor, to clear 
the field of extravasated blood from an epidural vein. 

Another difficulty in visualization may be due to the nature of the 
underljdng pathology. A neoplasm or extnided intervertebral disk, 
for example, may so fill the spinal eanal that attempts to advance the 
needle result in compression of the underhung nerve roots and hence 
cause pain. The occurrence of pain should therefore be regarded as a 
point of diagnostic significance and should lead the examiner to re- 
insert the myeloscope at a higher or lower level. 

Before withdrawing the instrument one should always remove the 
lens system first, so that the light bulb will drop back into the lumen 
of the cannula. A sterile dres-sing should then be taped securely over 
the puncture site, and the patient treated as after any liunbar puncture. 
It is of interest to note that the incidence of postmyeloscopy headaches 
lia.s been no higher than after an ordinary lumbar puncture despite the 
fact that considerable cerebrospinal fluid is sometimes lost. 

,VPPEAB.\XCE OF NORMAL STBCCTURE-S 

The first tissue one ordinarily sees on advancing the lens system is 
epidural fat (Fig. 4A), which is loose, globular, and glistening in ap- 
pearance, yellowish in color, and exhibits small blood vessels which 
course over and through its substance. It can hardly be mistaken for 
anything other than adipose tissue. Beyond the epidural fat lies the 
dura mater, which appears a.s a firm gray-white or .slightly bluish, 
opaque membrane, vertically striated. If the myeloscope has been 
introduced lateral to the midline, a nerve root in its extradural course 
may be seen. 

On passing the bulb and lens through the dura one visualizes the 
arachnoidea spinalis, which normally appears as a filmy, transparent 
momhvane. The arachnoid membrane usually o.seillate.s in harmony 
with the patient’s respiratory excursions. The arachnoid membrane 
of the ventral a.spcct (if the spinal eanai has occasionally been vi.^ual- 
ized. On occasions, plaques"' of calcification, incorporated within the 
\e!itra! portion of the arachnoid, were seen by the myeloscope and later 
v('rificd at operation. 

lYithin the arachnoid membrane lie the nerve roots of the caiida 
etpiinn. Tlio.se first encountered arc of eoui-se the dorsal roots, of which 
the .smallest and most centrally .situated are the sacral root.s. as con- 
trasted with the larger lumbar roots in a more lateral po.sition. All the 
nerves are normally quite straight in course and free to oscillate with 
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With tlie eaniuila properly placed, the obturator and guide needle 
are removed and replaced first with the electric light carrier (Fig. 2, D) 
and finally with the lens system (Fig. 2, F). These two parts of the 
apparatus should be introduced with gentleness. Generally the elee- 
tiic bulb (i)i will juiss at once through the dural and arachnoid openings 
niade by the obturator, as will the after-coming lens s.ystem, Avhereupon 
visualization of the eauda equina may be carried out (Fig. 30). 




p.p 3 ^ First step in intrort ■; O nmila with olituiator «in<l 

ffUide hebdle penetrating interspin • : ■ step Cjiiide needle ad- 
vanced until cerebrospinal fluid is I 111-1 : ■■ on handle of needle till n 

mdicates distance from obturator tip to subarachnoid space C. Tliiid step; With 
I.?, needle returned to original neutral position, the entire instrument is advanced 
me required dlstonce. D. Final .step. Obturator and guide needle a.e icplaced by 
lighting' and by lens systems 


It is sometimes necessary to resort to further manipulation in order 
to achieve a satisfactory visualization. The bulb tij). for example, may 
not at first penetrate tiic dural aperture iiiiide by the obliirafor. Tn 
such a case one must rotate and advance the entire apparaHis under 
direct vision, until the bulb tip has been inserted into the dural open- 
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ing, which can then be enlarged by gently tilting or rocking the whole 
apparatus. Should wisps of epidural fat or arachnoid membrane inter- 
fere with visualization, further advance or rotation of the lens system 
may be necessary until the lens has either passed the obstructing tissue, 
or brushed it aside. On rare occasions, it may be necessary to inject 
2 to 3 c.c. of wai'm sterile saline solution through the adaptor, to clear 
the field of extravasated blood from an epidural vein. 

Another difficulty in visualization may be due to the nature of the 
underlying pathology. A neoplasm or extruded intervertebral disk, 
for example, may so fill the spinal canal that attempts to advance the 
needle result in compression of the underlying nerve roots and hence 
cause pain. The occurrence of pain should therefore be regarded as a 
point of diagnostic significance and should lead the examiner to re- 
insert the myeloseope at a higher or lower level. 

Before withdrawing the instrument one should always remove the 
lens system first, so that the light bulb will drop back into the lumen 
of the cannula. A sterile dressing should then be taped securely over 
the puncture site, and the patient treated as after any lumbar puncture. 
It is of intemt to note that the incidence of postmyeloscopy headaches 
has been no higher than after an ordinary lumbar puncture despite the 
fact that considerable cerebrospinal fluid is sometimes lost. 

.A.PPEAUANCE OP NORMAE STRUCTURES 

The first tissue one ordinarily sees on advancing the lens system is- 
epidural fat (Pig. 4A), which is loose, globular, and glistening in ap- 
pearance, yellowish in color, and exhibits small blood vessels which 
course over and througli its substance. It can hardly be mistaken for 
anything other than adipose tissue. Beyond tlie epidiu’al fat lies the 
dura mater, which appears as a firm gray-white or slightly bluish, 
opaque membrane, vertically striated. If tlie myeloseope has been 
introduced lateral to the midline, a nerve root in its extradural course 
may be seen. 

On pa.ssing the hiilb and lens through the dura one visualizes the 
araehnoidca spinalis, which normallj' appears as a filmy, transparent 
nmmbvane. The arachnoid membrane usually oscillates in harmony 
witli the patient’s respiratory excursions. The arachnoid membrane 
of ti\e ventral aspect oi tlic spinal canal has occasionally been vi.sual- 
ized. On occasions, plaques'’ of calcification, incoiqmrated whbin the 
ventral portion of the arachnoid, wei'c seen by the myeloseope and later 
verified at operation. 

\Yithin the arachnoid membrane lie the nerve roots of the eauda 
e<ii!ina. Those first encountered are of course the dorsal roots, of wliich 
the .smallest and most centrally situated ni'c the .sacral roots, as con- 
trasted with the larger lumbar roots in a move lateral imsition. All the 
nerves arc normally (piite straight in conr.se and free to o.scillafc with 
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With the cannula properly placed, the obturator and guide needle 
are removed and replaced first with the electric light carrier (Fig. 2, D) 
and finall}^ with the lens system (Fig. 2, E). These two parts of the 
apparatus should he introduced with gentleness. Generally the elec- 
tric bulb lip will pass at once through the dural and arachnoid openings 
made by the obturator, as will the after-coming lens sj^stem, whereupon 
visualization of the cauda equina may be carried out (Fig. 3D). 




3_A. Fust step 
f";fceclTnt!fcfrebTotJ.’"/a 


otoscope Cannula " (t'’ , -''"I'l 

R Socond MttP rriiJdo ncFdlc u( 

Iinieter scale on Witli 

achnoid ‘’paco C Tlilid step t 

jn the entire instrument Is aflv.inceil 

or anti guide needle are leplaccd h> 


ttmps necessary to resoil to further maniinilatioii in order 

K Ta satisfactorv visualization. The bulb tip. tor c.vamplc, may 
to achieve a satislaet ,erture made by the obturator. In 

not at first penetiat Advance the entire appaiattis under 

such a case m"st . „pp,„ 

direct vision, until the mun i 
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Another example of the effects of a ventral, transverse herniated 
nucleus pulposis is shown in Pig. ID- lu this ease the mass itself nas 
not visible, but the oveiiying nei’ves were plainly displaced in a dorsal 
direction, and appeared broadened as well as discolored. On rotating 
the eyepiece, the same nerves appeared quite normal at a slightly higher 
level, as indicated in the diagram. 

Unilateral extrusions of the nucleus pulposis result in compression of 
roots on the affected side only, so that their edges appear close together 
in contrast to the normal separation and oscillation of the freer roots 
on the unaffected side. The nerves in the vicinity of such a mass often 
present an edematous appearance, and maj' have inter-rhizoid strands of 
arachnoid adhesions. 

3. Hypertrophied Ligamentum Flavum . — The presence of a thickened 
ligament has frequently been detected by finding an imusually large 
epidural space, with secondary narrowing of the subarachnoid space. 
This eorrdition can be appreciated hr part by the difficulty of visualizing 
the eauda equina because of the limited intraspinal space; and in part 
by the sense of increased distance on passing the instrument through the 
ligamentum flavum (as described under the discussion of technique). It 
has also been possible, in a man suffering acute unilateral “sciatica,” 
to recognize this lesion by the presence of a greatly distended, looped, 
root vessel, obviously due to compression of that nerve at a lower level 
(Fig. iE). At operation a large wedge-shaped unilateral ligamentous 
mass was removed with immediate, lasting relief. 

4, lYeophi.sfic Disc«.se.s, Primary . — If myeloscopic examiiration is made 
directly over a large primary neoplasm such as a neurofibroma, menin- 
gioma, or ependymoma, one may be unable to visualize the tumor, owing 
to the cramped space, unless the examination is repeated at another 
level. When such a tumor is scon by close application of the lens win- 
dow to the neoplasm, it appears as an amorphous lobulated, gelatinous 
yellow-brown tissue. Sometimes the delicate arachnoid-like membrane 
or capsule of the tumor, with its blood vessels, can be identified. On_one^ 
occasion, when it was ncce.ssary because of pain to reinsert the myelo- 
scope at a higher level, a discrete rounded mass was clearly distinguished, 
filling the spinal canal (Fig. 4F). At operation this proved to be an 
encapsulated neuroepithelioma, attached to the left second sacral donsal 
root. The ve.sscl on the root to wiiich the tumor was attached appeared 
dilated and moderately tortuous. 

^cophl.tttc Discrt.scs, Mcinatatic . — Wetastatic invasion of the lower 
spinal cord and its nerve roots from a cerebellar medulloblastoma is not 
infrcciuent, Myeloscopic examination at the level of L 1 in such a ease 
ic\ealed nerve roots which wore so enlarged as to bo tightly packed 
witiun tlie spinal canal; they were dull gray in color and edematous in 
appcajanee.- At autopsy .several months later these findings were cor- 
joboratod both macroscopically and mieroseojiieally. 
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tlio respiratory excursions of the cerebrospinal fluid. The filuni tcr- 
minale (Pig. 45, central vertical structure) appears as a ratlier loose, 
small, slightly sinuous structure having a bluish tinge in contrast to 
the gray-white color ol the nerves. Close examination of the nerve roots 
discloses their longitudinal fasiculi. Along the surface of each root 
there run one or more fairly straight blood vessels. 

Tlie flow of blood may sometimes be seen, when the lens objective 
is sufficiently near a root to magnify its blood vessels. In such instances, 
arterial circulation (red) and venous flow (bluish) can be readily dis- 
tinguished, the blood coursing in opposite directions in adjacent vessels 
on the same root. The direction of arterial flow is caudad. Arrest and 
even temporaiy reversal of flow can be recognized when the patient 
coughs or strains. The administration of amyl nitrite by inhalation has 
produced a visible dilatation of the vessels. 

EXAMPLES OF PATHOLOGY VISUALIZED BY MYELOSCOPY 

1. Neuritis. — ^A patient suffering fiom clinical neuritis of the left 
sciatic nerve, secondary to focal infection, vas found on myeloscopy to 
have reddened, inflamed looking nerve roots on the left side of the cauda 
equina at L 4-5 (Pig. 45). The vessels of the affected nerves were dif- 
fusel}' dilated in contrast to the normal nerves and vessels on the op- 
posite side. 

2. Herniated Nucleus Fulposis . — The effects of nerve root compression 
■by a herniated nucleus pulposis can usually but not always bo recognized 
by the myeloseope. A ventrally situated mass, resulting from an ex- 
truded "disk,” has been seen clearly as shown in Pig. 4C. In this in- 
stance, the actual sejiaration of nerve roots by tlie lesion was at once 
apparent, although clinical and x-ray studies liad failed to reveal the 
site or nature of pathology. At operation, the herniated nucleus was 
successfully removed. 


y,g 4 — a. Normal structures (mj eloscopic appearance) sliouin? cpuluiiil fat on 
each side of the fleld, uith evtradoial neiie lOot at left The aperture in the dm a 
(bluish) has been evasseratecl for ‘ - Crossing the upper angle 

of the dural opening is part of the hrougii a inch can be seen 

tno nerte roots of the cauda equin,i The space between nei\e 

roots usually appeals dark, because in shadow 

B Neuritis Two inflamed nercc roots arc seen at tlic left tlie flium teinilniilc in 
flip renter and two normal loots at the right A portion of tlie cpidiiial fiit and 
r.ridprlMne’dura mater can be seen .it the lower third of the fleld. wh le at the cvtrcnie 
light IS a bit of the arachnoid membrane 

n Mprniation of nucleus pulposis The transierse jellowisli. lentralh sltiiattd 
mass' represents Part of an extiuded intenertcbral disk 

* n Mprni'ition of nucleu*: pulposi*? M\clo««copic appe.irancc of ‘sjnillir lesion to ilmt 
u in c In case tl^e itself not seen owin^r to the cxtr<nu com- 

shown in * oxerhins ner\e loot*?. %\hlch %\Grc bro idoncd and discolored, as In- 
d^Sted^at^ the lowci portion ol the nUd The same roots presented a normal ap- 

pearatmc at a biKhc fl.iMim (iinil iti r il) whirh ciiisid .iciitf iinlliilind 
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ease, both arterial and venous channels may participate in the process, 
and the vessels in any one case may vary in degree of dilatation and 
corkscrew appearance. 

The congenital type of vai’icosity generally manifests itself in young 
individuals during their first two decades, and is distinguished hy the 
fact that the abnormal vessels within the lumbar canal (where they are 
visualized by the myeloscope) are separate from the nerves (Pig. 6); 
while the acquired tj^pe of varix, occurring in older individuals, is in 
general represented by dilatation and tortuosity of the vessels on the 
nerues (Pig. 5). Careful comparison of Pigs. 5 and 6 will make this 
point clear. 


Vu.rlcQS«, VK&s«ta uwa.ttaciae.ti.'t.o 
rtcvva roots. (SacH with wytcscoy® 
lo<itw«<iM Li andUa.) 






Large varicose vsssets of 
Spixiat Cord-Ts toTil- 
(Congejiital 


that‘m^hlyconaltlo'^‘' an'* spinal cord ot conecnital type. Wote 
-Tarate froni mo nerve resembles an licmaneloma. the Varicose channcLs are 


lilo congenital varicosity tliercforc resembles an hemangioma; wliero- 
as. ihc soooiifl (acquired) type of varix suggests slowly progressive 
dilatation of the intrinsie blood supply of spinal cord and canda equina. 
In many instuuccs, though not always, the latter type appears to have 
leen the result of trauma. This belief is e.x])rc.s.sed because many pa- 
tients suficring from this condition give a history of oft-repeated 
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Metastatic earciiioma involving one side of the fourth lumbar verte- 
hia, in a ijatient witJi signs of nerve root compression at that level, has 
also been recognized nijmloscopy.^ 

1 a? icosc Ycssch. The importance of recognizing varicose vessels of 
the cauda equina lies in the fact that such vascular abnormalities rep- 
resent a similar condition affecting the spinal cord, for the blood supply 
of the cauda equina is continuous with that of the spinal cord. Varices 
may extend the entire length of the cord, or may be confined to a few 
segments thereof.® Myeloscopy is therefoi'e indicated in patients having 
signs of diffuse or focal cord disease of obscure etiology, especiallj* since 
x-ray treatment is often beneficial in cases of varices. 
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r-.-~ c Vorlf-nqe vessels of cauda equina and spinal cord ivltli n.s.soclated arachnoid 
iV The two conditions are not necessarily coexistent. Inset show.s = 

adhesions , the t ^ appearance at laminectomy is indicated at left. Tills 

appearance (upp r rignt^ acquired type of varicosity, distinfful.slied by the fact 
tifarthe mtrinsirvLsids of the neryc roots are ahnormnlly Inrpo and tortuous 

There appear to be two main categories of spinal varices, one con- 
nni-tol tlie other acquired. There is .sometimes ;m a.s.sociated chronic 
Sheste I^^ctoiditis with the latter type, as indicated in Fig. m The 
. . e„ottircs of both tvpcs of spinal varices .-ire llie enlarge- 
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sheets.- In certain cases the nerve roots appear glued together by the 
adhesive process. The arachnoid membrane itself is usually thickened 
and translucent, instead of being tenuous and transpai'cnt; while the 
nerve roots, instead of being freely movable, ax’e firmly fixed. Patients 
who suffer from this process generally give a history of antecedent 
infection or trauma, and may have symptoms and signs of diffuse spinal 
cord disease.' On several occasions, patients long suspected of post- 
traumatic malingering have been found by myeloscopy to harbor dense, 
localized adhesions on one or both sides of their cauda equina. 

Operative mediation is often of value in cases of adhesive arach- 
noiditis, and may prevent the onset of syringomyelic cavities Avithin the 
cord.'’ ® 

Inflammntonj Conditions of the Lcptomcninges. — When myeloscopy 
reveals the presence of an amorphous epidural mass, with many small 
blood vessels, such lesions at operation have proA'cd to be granulomas, 
some associated Avith syphilis, others Avith an arrested tuberculous proc- 
ess. and still others of unknoAA-n etiology. Sometimes the granuloma 
may lie at some distance from the infiammatmy reaction obsei'ved 
through the myeloscope. 

Lipiodosie. — The term lipiodosis has been coined to describe the pres- 
ence of subarachnoid droplets of lipiodol, following previous introduc- 
tion of this oil. The lipiodol appears as tiny golden globules clinging 
tangentially to the nerve roots like particles of honey. 

Gns Myelography Through Myeloscope. — Oxygen or air can be intro- 
duced into the subarachnoid space through the adapter on the side of 
the myeloscope after visualization has been completed. The teclmique 
differs in no Avay from the usual manner of performing gas myelog- 
raphy. 

AFTEREFFECT.S OF MYELOSCOPY 

Despite the loss of from 5 to 15 c.e. of cerebrospinal fluid during 
myeloscopy, there has been no greater incidence of postpuncture head- 
ache than after an ordinary lumbar ]nineture. The reason may lie in 
the fact that the procedure is carried out Avith the patient in the \xp- 
riKht ])osition. .so that intracranial dynamics accommodate themseh-es 
pari-passu Avith the outflow of .spinal fluid. In this connection, it is of 
interest to note that the myeloscope has frectucntly revealed large col- 
lections of eijidural fluid when an ordinary lumbar puncture has been 
done within tiie previous tAvo to four days. This demon.strates that 
leakage of spinal fluid ean continue for some time after an ordinarv 
lumbar tap." It is therefore Avise to delay myelosco])ie examinations 
for at least five days after a lumbar puncture has been done; otlier- 
Avise myeloscopy may be tlifiieult. since the dural and arachnoid en- 
velopes Avill have lost their u.siial hydrostatic tension OAving to the leak. 
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jailing trauma, such as from falls off a horse. This view is further 
substantiated by my experience in exposing the spinal cord of patients 
who have had some form of focal injury to the cord (such as a severe 
bloiv, or an adjacent stab wound). In such cases, varicose vessels 
often jieiietrate the substance of the cord at the level of trauma. 
Usually these abnormal vessels course caiidally for a considerable dis- 
tance, thus explaining their presence on the nerve roots of the cauda 
equina. There are three possible explanations of post-traumatic Avarices, 
Avhich may act alone or in combination to produce the vascular pathol- 
ogy : (1) gliosis of the cord; (2) constrictive arachnoiditis around the 
cord; (3) traumatic insult to the I'essels themselves. 
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Fig. 7. — Arteriosclerosis of cauda equina and spinal cord. 

Two other conditions sometimes a.ssociated with acquired varicosi- 
ties are (1) arteriosclerotic atrophy of the cord (Fig. 7) and (2) 
intramedullaiT tumor of the cord. The differential diagnosis, in the 
final analysis, must be made by weighing every factor in a case, m- 
eluding history, clinical findiiig.s, coiir.se, and laboratory aid.s, with 
special reference to manomctric and total protein studies. 

Anic-hnoM Adhe.sioHS'.-Thi.s condition can lie recognised by flic pres- 
ence of filmy adhesions not only between the nerve roofs but also he- 
tTeen roots mid the arachnoid membrane. The adhesions often resmnhle 
^ ceottpred irrcmilarlv among the nerves, as slioun in Iig. h. 

I'/appc.,.- »» iidiclc »r tri«„snb,. 



FRACTURES OP THE MAXILLA 

Describing a Simplified Appliance for Craniomaxillary Support 

AND Fixation 

Carl W. Waldron, M.D., D.D.S., and Samuel G. Balkin, M.D., D.D.S., 

Minneapolis, jVIinn. 

F ractures of the upper jaw are of three general types : (1) Those 
involving a section of the jaw to include the alveolar process alone 
without a severance or displacement of the remaining portions of the 
jaw. Such a segment may he impacted into the remaining piortions 
of the jaw and present displacement without mobility. These forms of 
process fractures maj" be combined with the second or third type of 
fracture. (2) Fractures of half of the upper jaw, the remaining half 
of the upper jaw being intact. These unilateral fractures may or may 
not show considerable mobility and present various types and degrees 
of displacement, impaction, or over-idding. (3) Complete fracture of 
the major portion of the upper jaw on both sides. Occasionally in 
horizontal fractures a portion of one tuberosity carrying a molar tooth 
may remain in solid continuity witli the other bones of the skull. These 
fractures usually show mobility and displacement. They may, however, 
present an open bite anteriorly with the anterior portion slightly move- 
able; whereas, the posterior portion, the molar region, resists upward 
replacement to its propei' occlusal level. 

In the horizontal plane the fracture lines may extend through (1) the 
alveolar process or root-end level; (2) the midmaxillary sinus region; 
(3) the malar-orbit -ethmoidal level. In this latter group, danger of intra- 
cranial complication is present, and it may lie wise to delay reduction of 
the fractures for several days in order to guard against infection and 
extension to the meninges. 

It must be remembered that fracture lines disregard anatomic 
boundaries, and therefore fractures of the upper jaw of necessity must 
include all of the bones of the face with the exception of the frontal 
bone and the mandible. Conseijnently, they include fractures of the 
malar bones, lachrimal bones, the lateral masses of the ethmoid, and 
parts of the sphenoid. 

Pre(juently the dis])laccment produces a degree of malocclusion which 
makes it impossible to visualize the occlusion as it was before the acci- 
dent. Study casts therefore should be made of the upper and lower 
teeth in most ca.ses in order to determine the degree of displacement and 
rotation, and to make jjossible a more accurate application of the meth- 
ods used to correct the di.si)laccmcnt. 

I'd for vuWlcnUon. .\pri! 2C. 1911. 
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It has not yet seemed expedient to perform a myeloscopic examination 
over the spinal cord, although it has been carried out successfully within 
the cisterna magna of an anesthetized dog. It may be of further interest 
to note that the myeloscope has been used for intraventricular visualiza- 
tion through trephine openings in tlie human skull, and that attempts 
are now in progress to study action currents from the nerve roots of the 
cauda ecpiina, through the myeloscope. 

SUMMARY 

1. Myeloscopy . — Diagnostic visualization of the cauda equina through 
a spinal endoscope called tlie myeloscope. Myeloscopy is usually per- 
formed under local anesthesia with the patient in the sitting posture, 
and is carried out in much the same mannei’ as an ordinaiy lumbar 
puncture. Specimens of cerebrospinal fluid may be collected, mano- 
metric studies may be done, and gas myelograpliy may be performed, 
through the myeloscope. Nearly 400 myeloscopic examinations have 
been made during the last four 3 mars. 

2. Value of Myeloscopy . — 

a. Differential diagnosis may be made betv’een operable and inoper- 
able lesions of the cauda equina (and lower spinal cord). 

b. Post-traumatic malingering may often be ruled out by this means. 

c. Man}' a patient can be spared lipiodol injection and even an ex- 
ploratory laminectomy, by preliminary myeloscopy. 

3. Operable Conditions Diagnosed hy Myeloscopy . — Herniation of 
nucleus pulposis; hypertrophied ligamentum flavum; clironic adhesive 
arachnoiditis (post-traumatic or postinflammalory) ; granulomas; be- 
nign tumors; lipiodosis. 

4. Inoperable Conditions. — Varicose vessels of various types (sec 
text); arteriosclerosis of spinal cord; metastatic neoplasms. 


REFERENCES 


1 Pool J. L. : Direct Visualization of Dorsal Kcrve Roots of the Cauila Equina 

by Means of a Myeloscope, Arch. Neurol. & Psycliiat. 39: 1.10S, I93S. 

2 Pool J. L. : Myeloscopy: Diagnostic Inspection of the Cauda Equina by Means 

of -in Endo'cope (Myeloscope), Bull. Neurol. Inst. New York 7: 178-1S9, 1038. 


Riirnnn M. D.: Myeloscopv or the Direct Visualization of tlie Spinal Canal 
and 'its Contents, J. Bono & Joint Surg. 13: 695, 1931. 

QMrn E L ■ Spinascope; New Instrument for Visualizing the Spinal Canal 

■ and its Contents, M. Sec. 143: 31, 1930. 

rr roTi R Yorke- Occurrence and Distribution of Calcified Plaques in the 

■ SninarAracImo'id in Man, Arch. Neurol. & P.sycliiat. 41: 1180, 1939. 

- T T- A nnolmv T.. .T-; Venous Dilatations and Other Intrnsninal 


noiuiy-;, AOIiesivc Spinal Arachnoiditis a.s a Cau.se of Intraniediillary 
^"‘'Svittion: Comparison Vith Syringomyelia, Arch. Neurol. & Psycliiat. 44: 

0 MacEobc^rRussell G.: The Cause of Dun, bar Piin-tiire Ueadaehe. .1. A. M. A. 
“ ' ‘ 70: 1350, 1918. 



AVALDROM AND BALKIN’. FRACTURES OF THE MAXILLA 


185 


dental condition of both jaws or at least the upper jaiv before fully 
determining the procedure to be instituted. Displaced fragments should 
be replaced in correct position and occlusion as accurately as possible 
and retained by wiring or some dental appliance. In certain impacted 
fractures without raueh displacement, it is often wise to leave the frag- 
ment in its impacted position, particularly when it is obvious that fu- 
ture dental treatment would necessitate the removal of the teeth in 
the fragment in order to make the best possible dental restoration un- 
der the circumstances. 


ivvisbd Loop Winne r 
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Traction wire maybe passed ibro loops and 
used temporarily to poll a displaced frijfmenf 
into correct position and occlusion. 


Fig. 2. — A. Twisted loop unit wiring (Ivy) is a ver.v useful method bs’ which the 
lower teeth may be secured to the upper teeth in occlusion by means of tie wires. S. 
Two or more loop units may be applied to overlap and secure three, four, or five ad- 
joining teeth to provide additional strength. This is frequently necessarj’ when strong 
wiring on the uninjured side of the Jaw is used to elevate a fractured half of tlie up- 
per jaw on the opposite side. 
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l'*K- 3 — -Hl.-don twi.sted wire external arch wiring is a very cdlcicnt and easily ap- 
plied method of direct dental fixation to mnlnt.ain two or more fragment.^ In proper 
relation. Tic wire' are u.sed from llie RIsdon arch wire to similar nrcli wires or loop 
units on the teetli of the opi>o.sing Jaw to secure the teeth In occlusion (.see Fig 1 1 
Tltls mi'tliod hn.s the dl.stlnct ndvantage timt direct dental fracture fixation mav be 
tniiinjalned .after Die tie wlre.s are removed and the p.atlent is permitted to open the 
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TJie possibilitj’’ of improving a previous malocclusion must always be 
kept in mind. We have been able to do this in several cases during the 
past few jmars. 

It should be noted that roentgenograms of fractures of the maxilla are 
often most unsatisfactory and one must relj^ upon the clinical findings 
and more particularly, on a study of the occlusion of the teeth in the 
making of the diagnosis. It is therefore unnecessary to rush patients 
with severe upper facial injuries to the x-raj’^ room and submit tliem to 
the discomfort of the mairipulations necessary in taking a number of 
films of the facial region. A limited number of carefully positioned 
films including dental films may be taken at a later date should it be 
found that complete reduction of the fracture is not accomplislied by 
the initial treatment. 



Pig. 1. — Teeth wired securely in occlusion by interdental wiring. In most cases ot 
fractures of the upper jaw tlie cs.sential treatment is the wiring of tlie tcetli in correct 
occlusion after displacements have been corrected manually or by the u.se of diagonal 
lie wires or rubber-binder traction. "When there is marked mobility of tlie entire up- 
per jaw, this interdental wiring must be supplemented by e.vternnl bandaging for a 
week or more. 


Fractures of the alveolar process may involve the outer or inner 
table with tlie associated teeth, and the displacement may lie labial, 
bueeal or lingual. In other ea.ses, complete sections of the alveolar 
process containing the teeth may be torn loose from the body of the 
bone in wliich case the mueoperiosfeiim will usually supply sutifieient 
blood supply to maintain the vitality of tlie fragment. 

As already noted, segments of the alveolar proees.s may iire.sent vary- 
tnw decrees of mobility and may be either in a reasonably eoiTcet r>osi- 
m oMie considerably displaced. In all siieh fractures irieinding the 
pacted fractures, it is neces.sar>' to make a careful diagnosis of the 


tion or 
im 
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dental condition of both jaws or at least the upper jaw before fully 
determining the procedure to be instituted. Displaced fragments should 
be replaced in correct position and occlusion as accurately as possible 
and retained by wiring or some dental appliance. In certain impacted 
fractures without much displacement, it is often wise to leave the frag- 
ment in its impacted position, particularly when it is obvious that fu- 
ture dental treatment would necessitate the removal of the teeth in 
tlie fragment in order to make tlie best possible dental restoration un- 
der the circumstances. 


Iwi&icd Loop Wiring ' 
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Traelion wire may be passed tbrv loops and 
used temporarily to poll a displaced fri^neni 




FIb 2 — A. Tnisted loop unit mring (I\\) ts a 'ors useful method by sihich the 
lovrer teeth ma> be secured to the upper teeth m occlusion by means of tie wires, B 
Two or more loop units nia\ be applied to overlap and secure three, four, or fl\e ad- 
joining teeth to proMde additional strength This is fiequentlj- necessary when strong 
wiring on the uninjured side of the jaw is used to cletate a fractured half of the up- 
per jaw on the opposite side 
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SURGERY 

Fractures of half of the upper jaw with mobility can usually be 
nearly, if not completely, reduced by manipulation. In most eases, 
they should be maintained in correct occlusion by means of firm wiring 
of the teeth in occlusion on the uninjured side (Fig. 1). Two or three 
days of adjusting and tightening of the tie wires maj'^ be required to 
secure the teetli of the fractured side in good occlusion For this pur- 
pose where considerable force is necessary, overlapping loop wiring is 
of great service (Fig. 2B). In addition to the wiring of the upper 
teeth to the lower jaw, the wiring together of the teeth on eitlier side 
of the fracture may be indicated to give a finer adjustment of the ends 
of the fragments and to secure a more normal contact point (Fig. 3). 



W - '' 






4 Jack screw splints mav be used to push a tracment of the maxilla lateralh 

to correct an otcr-rlding at the midpalatal line This tjpe of splint maj also be uyd 
fo mill senarated halves of the upper jaw toffetber m the inldline KectniiBular tiihInK 
roldered on the buccal sides of the splints mav be used vvith extraoial arms to hold 
the cntiie upper Jaw in its proper position (see rips 7 and S) 

There may be an o\er-ridiiig of the bony maigins of the fragments in 
the midline of the palate and an attempt slioulcl lie made to eori'cel 
this by manipulation befoie the mouth is closed in occlusion. For 
this a jaekserew splint may he neccssaiy (Fig. 4). At times this over- 
ridiim vith a permanent ridge must he accepted In such cases, al- 
timnoh the teeth ma^ he in a useful occlusiou, then- will likely be a 
lierht depiession vith fiatfcnii.g of the fi.ee on the afiVeted side. It is 
“ llv necessarv to keep the teeth «ued in oeelnsion foi a fieiiod of 
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three or four weeks following which the mouth may be opened, and the 
patient allowed to partake of more solid, but yet a fairly soft, diet. 
The complete and solid union of fractures of the upper jaw is usually 
slow in cases where the initial mobility has been great. It is freciuently 
possible to note a definite spring or slight movement of the fractured 
side for three or four months after the injury. In time, however, tuiion 
becomes clinically quite firm, and the patient is not conscious of any 
spring on strong mastication. For many months the teeth on the 
affected side may feel prominent or numb. There will usually be re- 
covery from these symptoms or they may become hardly noticeable. 

Unilateral fractures of the upper jaw ma3- result in separation of 
the two halves of the jaw at the raidpalatal suture line. These may 
prove to be difficult to approximate bj’ the usual methods of wiring 
the teeth in occlusion and at times a special appliance must be con- 
structed across the palate to use a jack screw to pull the displaced frag- 
ment into correct relationship with the uninjured side (Fig. 4). Rub- 
ber binder traction across the palate has been emplo.ved for the same 
purpose. 

Complete fractures of the upper jaw show a wide variety of dis- 
placements according to the direction of the lines of fracture and the 
horizontal levels of the severance of the jaw from the deeper struc- 
tures. At times, the jaw will be found mobile and subject to correction 
of the occlusion with but little manipulation. In a larger number of 
eases, the jaw is depi-essed and rotated, and in some instances, the en- 
tire maxilla is driven back to contact the posterior pharyngeal wall. 
The malar bone may also be fractured and driven down to become im- 
pacted into the displaced maxilla in such a way that the upper jaw 
cannot be manipulated or otherwise brought to its correct position and 
occlusion until the malar bone has been pulled outward and upward 
to its proper level. 

At times, displacement may be very marked, particularly where there 
is depre-ssion of the molar region with open bite anteriorly, and re- 
placement by manipulation and wiring is impossible. In such cases, 
a head apiiliance making possible the application of craniomaxillarv 
foree is indicated. 


Many types of appliances have been devised to hold the fractured 
maxilla in its correct position by means of i)Iastcr of Paris hcadcaps 
to which arc attached straps and metal arms, or bv wire sutures which 
l,ass through the tissues of the clmek.s. These in turn arc attached 
to the fractured upper jaw by means of some form of dental splint or 
external arch bar appliance. It is obvious that methods emplovin- 
straps or wire sutures can be efiicient only when a stron- uiiwnrd or 
slightly diagonal pull will hold the fractured maxilla in its eorrect 
tmsition. The extveme violence of present-, lay automobile accidents 
may result m a great disd of comminution of the thin walls of the 
maxilla. In such eases, any method that dci-ends upon vertical ami 
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Fractures of jjaJf of tJie upper jau- iritli mobility can usually be 
nearly, if not completely, reduced by manipulation. In most cases, 
they should be maintained in correct occlusion by means of firm iviring 
of the teeth in occlusion on the uninjured side (Fig. 1). Two or three 
days of adjusting and tightening of the tie wires may be required to 
secure the teeth of the fractured side in good occlusion. For this pur- 
pose where considerable force is nece.ssary, overlapping loop wiring is 
of great service (Fig 2B). In addition to the wiring of the upper 
teeth to the lower jaw, the wiring together ot the teeth on either side 
of the fracture may be indicated to give a finer adjustment of the ends 
of the fragments and to secure a more normal contact point (Fig. 3). 



4 Jack screw splints may be used to push a fracment of the maxilla lntrnill\ 

to correct an oxer-rldme at the midpalatal line This tjpe of splint mat also be uyd 
12 2oli spoarated hahes ot the upper jau toKcther In the midline Itectanpular tuliIrK. 

on the buccal sides of the splints maj be used pith extrioial nuns to bold 
tbl entire tipper Jaw in its proper pos.Uon (see rips r and S) 


There may be an over-riding of the bony maigins of liie fragments in 
the midline of the palate and an altompf should be made to coricct 
this bv manipulation before the mouth is dosed in occlusion. For 
this a'i-ictecres splint ™.'' n«-<.ss,f.v (P® 4, M limts II, is- »,or. 
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closure of the bite and probably subsequent development of traumatic 
changes in the temporomandibular joints. We have seen several cases 
of this type. Furthermore, traction straps or suspension wires do not 
atford adequate lateral traction or permit the application of lateral 
pressure upon a displaced maxilla. To ovei-eome these faults of the 
appliance we began using a steel vertical extraoral arm which slips into 
rectangular tubing on an upper dental splint, and extends forward 
between the lips and then upward to be attached to a temporal plate on 
the headeap. This method provides efficient fixation of the jaw in all 
directions, but in practice it was often found difficult to bend and .ad- 
just the extraoral arm satisfactorily. Repeated removal for bending 
and adjustment of the arm was time-consuming and annoying to both 



•\ nivrT.^;il upper J;nv splint anti IiPaf1c.ap appliance, anterior view. 


palicnt ami surgeon. Aliout ten years ago we discovered a type of 
niiivcr.sal joint that greatly simplified the manv jn-ohlem.s previoiislv 
found so tronl.i,-.somc i„ the treatment of these ca.ses. It permits adjust- 
ment of tlie disiilaecmenl in all directions and iilanes and when tight- 
ened is most secure.® ” 


Instead of a vertical t‘xlraoral 
the end of wliieli .slips into the 
ma.xillary tienlal sjilint (Fig. a). 


arm, we now use a horizontal arm, 
reetangular tubing on the arch bar 
The horizoiita) arm is a standard 
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juinl 
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nimle lij' the Starrett Tool Co., 
•»c Mfirrvtt Mirface ko-uj;*'. 


188 


SURGERY 


diagonal traction in order to immobilize tlie fracture may elevate the 
maxilla to a higher level than normal before tlie pints aie held secniely. 
Union of the fracture then ensues witli the occlusion of the teeth at 
a higher horizontal level than before the accident with a lesultiug 



Fig 5 — Universal upper Jaw splint consisting of nn arch bar to hich is soldcreil 
lectangulai tubing on each side in th» bicuspid molar region Set oral splints of 
vatious sizes should be constiucted and kept on hand The splint is sccuied to me 
upper teeth bt v iring 
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try to maintain a proper horizontal occlusal level by wearing such an 
appliance for six or eight weeks. 

It is often most difficult to reduce completely maxillary displacement 
at the first attempt and manipnlatioms over a period of two or three 
days may be necessai'y to correct completely the displacement and re- 
store normal occlusion. The universal joints facilitate the reduction in 
these difficult eases. It must be stressed that early correction of dis- 
placements is very importairt in the treatment of fractures of the 
maxilla. 


t 


Hr — lA‘fl hiltT.i! \ few .showing tho toinj>mar\ of rubber binder traction for 
t)i*‘ <*b\i»iion of n maxULi Dbiconal Iraclion n)a\ be ff/'cured and an ob- 

U(jue oi dJrt'ct o\it>.M\rd bull tv from the horizontal extraoraV ann to om* 

or tuu rods allachei? (o the toinpoiat lotl shoun m Fig. 10. 


In cases nith marked lateral displacement, we have on several oeea- 
sidiis used on one side a rejrular extraorai arm (Phg. <Sj and on l!ic other 
inserted a horizontal extraorai ann wiiicii is utilized for the atttieli- 
meiit <if rubber binders nninin" to the temporal lieadplalc rod or 
bolls (KijjT !)). lly adjustiiit: lliesc hinders ami the arm. considerable 
pull can be everted in an npwanl and outward direction, itiarked re- 
sistance to reidaeeinenl has succumbed to this continual force over a 
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l)rass rod 9/32 inch in diameter which tits the iiniversal joint. A 
vertical steel i-od, 12 gauge diameter, 0.081 inch, fits the universal 
joint and extends to a second univei’sal joint on the brass rod of the 
temporal appliance to complete the fixation of the parts. IVe have 
from time to time simplified this lieadeap appliance. The present as- 
sembly is shown in Pigs. 6 and 7. All metal materials may be ob- 
tained through hardware companies and the complete appliance may 
he consti'ucted ^vithout difficulty by anj' good workman. 



pjg. ^Right lateral view of appliances showing the routine immobilization of the 

' fractured ma\ilia to the iini\crsT.I lieadeap. 


The head appliance lias been simplified and made nioi’c of flie skeleton 
type by means of strong, adjustable cotton bands securely sewn to (he 
temporal pads and plates (Pig. 7). Tliese afford a inoiv stable hold 
upon the occipital and frontal regions, thus ovci-comitig the tendency 
of the bead appliance to slij) forward when considerable force is neei's- 
sarv to elevate and hold tlie fi'aelurcd npi)or jaw. This forwai-d slip- 
'• ■ V •uniovim' and troublesome eliaraeteristie of Die orllioi)edie 
nlssler headcap made of stockinet, Jian.ess felt, temporal head j.lales. 
^ d nlastcr of Paris bandages which we formerly used. In maikedly 
crushed and comminuted fractures it has been eonsielced neeess.s,y to 
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period of twenty-four hours. At this time, the teeth may be Avired 
together by the loop method of indirect dental fixation or the splint 
may be used further and a vertical rod attached to the horizontal arm, 
discontinuing the rubber binders. In practice, the emergency headcap 
is reinforced and made to fit more securely by means of several strips 
of adhesive tape or by ace bandage (Fig. 10). 

Except in extremely complicated cases with loss of many teeth and 
lack of occluding teeth in the mandible, the head appliances may be 
dispensed with in a week or so and the teeth wired in occlusion in order 
to obtain a finer adjustment of the occlusion and a better ultimate 
result. If there should be a tendency for the mandible to move and 
displace the maxilla, additional support by bandaging from chin to 
vertex is necessarj'. This is much more desirable and comfortable than 
the wearing of a plaster headeap maxillary appliance for five to eight 
Aveeks as recommended by manj- authors. The gi'eat adaptability of 
the universal joints appliance makes it possible to dispense Avith the 
headcap appliance and horizontal arm at the earliest possible time. 
Should occasion arise, it may be quickly reapplied Avithout difficulty. 
After four to six Avecks Iiua'c elapsed, the tie wires may be cut and the 
patient alloAved to open the mouth and eat soft food. Very slight 
mobility of the maxilla may be demonstrated for several months, but 
in most cases, displacement docs not recur. 

Associated fractures of the loAA'cr jaA\', particularly if multiple and 
badly displaced, present great problems in the successful handling of 
the cases. They tax the ingenuity of the surgeon, for ncAv methods and 
appliances must be devised from time to time. 

Fractures of the upper juAv that have united firmly in malposition 
produce a serious and handicapping malocclusion of the teeth. Many 
factoi's must be considered befoi-e detei’mining the plan of treatment 
that should be folloAved. The age and condition of the patient together 
Avith the absence of several teeth or the loosening or root-end infection 
of a number of teeth may indicate that extraction of all of the remain- 
ing upper teeth and the construction of an upper denture to re-establish 
normal occlusion Avith the teeth of the loAvcr jaAv, is the treatment of 
choice. Fixed oi- removable dental bridgework may bo indicated in some 
patients to secure the desired occlusion and aesthetic re.sult. 

In younger patients witli a full eomjilement of normal teeth, examina- 
tion of study casts made from inipres.sions of the upper and lower teeth 
may reveal tliat surgical refracturing of the maxilla and repositioning 
will restore normal occlusion and cffieicnt mastication. The horizontal 
plane of the svmgical refraeturing should be just above the IcA'cl of the 
tloor of the nose. ^Ye have used small eliiscls and osteotomes for the 
division of the vomer, both anironasal Avails of the inferior meati of the 
nose, and the buccal Avails of both maxillary sinuses. The posterior 
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SOilE OBSERVATIONS OX THE QUICK HIPPURIC ACID TEST 
IN HEPATIC FUNCTION^ 

. Darrell A. Campbell, M.D., Axx Arbor, JIich. 

(From the Department of Surgery, University of Michigan) 

AT PRESENT it is generally considered that the conjugation of 
** hippurie acid is at least as accurate and reliable as other liver 
function tests non' in general use. Other authors haA’e described in 
detail the technique,' the advantages and disadvantages'’ ‘ and the 
clinical application of this test.^’ * It is the purpose of this paper to 
suggest that a more careful analysis should he made of the patients 
on whom this test is to be employed, M'ith respect to available carbo- 
hydrate for purposes of metaholism, in order that fallacious interpreta- 
tion of the degree of hepatic function may not be made. 


tlormal * 



sBkxadbilmibui 34/merv/loooccdir, 
a Total protE?irt3 7,9 *?, _ 

Albumin ^.7 il_' 

GlobuUn 3.a I 

rtttio 1,5 : 


9 lO U 12 13 15 16 17 18 13 20 

postoperative 

Hj:. J. — TbJf? chart OoHuinstrate.*? the immotUalc po'^toperative effect oC supportluK 
nlmvenous Khico^e In MistaininR a normal hepatic function. TIic apparent dcprei-5ton 
in ilNt'r runetJon from tije fourth to ninth postoperative days \va'' followlnj; tlie 
uon of intruvenou*? Kiuco’^e and before the patient v-as able to resume a diet adeouate 
in carboJiyurato. 


In this study 252 tests were done on 09 patients. In a series of pa- 
tients not exhibiting clinical or laboratoiy evidence of liver damage, 
and in witom no operation was pertonned, iiniformly normal values u'ere 
obtained, confirttiiiig the work done earlier by Quick,’ Vaecaro.' Boyce 
and M el-elridge,- and others. In approximately thirty patients with 

•Ai.l. il b> n Kranl from tl>o J.nm- jiml Kllznlirth tnsiL fuml for SiirKlral nf-., arcli. 

UM*«U«d fur pubUr.'\ti<m. April IMl* 
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attachments in the pterygoid region were tlien separated by prying 
the jaw loose. The maxilla was then repositioned and immobilized in 
the manner already described (Figs. 1, 2, 3, 5, and 7). 
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SOME OBSERVATIONS OX THE QUICK IHPPURIC ACID TEST 
IN HEPATIC FUNCTION^ 

, Darrell A. Campbell, ]M.D., Axn' Arbor, Mich. 

(From the Department of Surgery, University of Michigan) 

A t present it is generally considered that the conjugation of 
^ hippuric acid is at least as acciu’ate and reliable as other liver 
function tests now in general use. Other authors have described in 
detail the technique,’ the advantages and disadvantages’’ •’ ' and the 

clinical application of this test.”’ ’ It is the purpose of this paper to 
suggest that a more careful analysis should be made of the patients 
on Avhom this test is to be employed, Avith respect to aA’ailable carbo- 
hydrate for purposes of metabolism, in order that fallacious interpreta- 
tion of the degree of hepatic function may not be made. 



Intravfnou-i^cliirnij. ''iimeUlate postoperative eUcet of -supportinR 

in ” ’’ "‘’’■'’’■'‘I hepatic function. Tlie apparent depre^.slon 

Uon of Intravenous postopfratlvc dajvs \v.as following tlie cc-s-sa- 

In v.arboliydrate ** R''ICo c and before Hie jiatlcnt was alile to rc.sume a diet .adequate 


In this .study 252 te.sts Avere done on 69 patients. In a series of pa- 
tients not exhibiting clinical or laboratory evidence of liver damage, 
ami in Avhom no operation Avas performed, uniformly normal values Avere 
obtained, confirming the work done earlier hy Quick,' Vaeearo,'' Boyce 
mu . chctiidgc,- and others. In approximately thirty patients Avith 
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>ig. 2. — This chart demonstrates the apparent depression in hepatic function fol- 
lowing cessation of intravenous glucose and the return to normal when large amounts 
of oral glucose were given. As a normal diet was resumed on the twelfth to fourteenth 
postoperative days, the excretion of hippuric acid again returned to normal. 
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and without clinical evidence of biliary disease on whom some type of 
surgical procedure Avas camied out, multiple hippuric acid tests were 
made. 

Coleman,'^ using the bromsulfalein test, and Boyce and McFetridge,- 
using the hippuric acid test, have found immediate depression in the 
liver function following anesthesia, and have assumed that temporary 
damage to the liver occurred. Boyce and McFetridge have also sug- 
gested that this depression is affected by the amount of glucose in- 
gested prior to the test. 

In this series, depression of the conjugation of hippuric acid did not 
occur postoperative^ until after cessation of intravenous or oral glu- 
cose. At a point in the convalescence of the patient Avhere a normal 
diet was tolerated (Pig. 1), or Avhere intravenous dextrose Avas again 
employed for some untoAvard complication (Pig. 2), the excretion of 
hippuric acid again reached a normal IcA-el. Conversely, in a feAv pa- 
tients Avhere clinical or later autopsy eA'idenee of seA’ere liAmr damage 
was present (Pig. 3) , no amount of intravenous or oral carbohydrate 
was sufficient to raise the excretion of hippuric acid to a normal leA-el. 

It may be assumed then that a liver Avith an insufficient amount of 
carbohj’drate does not act as a normal liver, and does not conjugate 
benzoic acid and glycine in a normal manner or in normal amounts. 
Another less probable explanation is that in a liver Ioav in carbohy- 
drate, the amino-acid glycine, AA’hich ordinarily is present in adequate 
amounts in the body to conjugate Avith benzoic acid, must be used to 
metabolize the fats if acidosis is to be preA-ented, and thus an insuffi- 
cient amount is left to give a normal hippuric acid A-alue. 

It is suggested (hen that if the hippuric acid test is to be of A’alue 
in estimating hepatic function, enough cai’bohydrate must be furnished 
(he patient OA-er a sufficiently long time to make certain that the ability 
of the liver to conjugate benzoic acid and glycine is not impaired. 


COKCLUSlbX 

Tile use of the excretion of hippui’ic acid as a test of hepatic function 
is more reliable Avhen (lie patient has had an adequate supply of carbo- 
hydrate prior to the test. 
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POSTOPERATIVE CHOLORRHBA 

Report of a Case, "With Profound Peripheral Circulatory Collapse 
(Shock) Due to Excessive Loss of Fluid and Electrolytes 
Through A T-Tube 


F. Raymond Keating, Jr.,^ M.D., Marschelle H. Power, Ph.D., axd 
Jaaies T. Priestley’, jM.D., Rochester, SIinn. 

(From the Division of Biochemistry, the Mayo Foundation, and the Dirision of 

Surgery, the Mayo Clinic) 


r^OSTER and his associates,”’ “ and Wangensteen and otliers iiave 
* stressed the deleterious effects of prolonged loss of bile throngli 
biliary fistulas. Less ajipreciated are the significance and the possible 
consequences of cholorrliea, which jni’olves the loss of an abnormally 
large volume of bile over a short pei’iod. Clinically, this syndrome is 
seen as an infrequent postoperative complication of surgery on tiie 
biliary tract. Usually it occurs among patients in whom stone in the 
common bile duct, or oeeasionally, carcinomatous involvement of the 
biliary passages, has been as.soeiated ivitli chronic biliary obstruction 
and conspicuous damage to the liver. The appearance of profuse drain- 
age of characteristically pale, thin bile after oiieratiou on such patients 
has been regarded usually as evidence of liepatie failure, and death pre- 
ceded by such a condition fretiuently has been attributed to hepatic in- 
sufficiency. It appears likel.v, however, that under such circumstances 
death often may be caused by secondary depletion of electrolytes and 
fluids whieh accompanies cholorrhea, rather than by hei>alic insufficiency 
alone. 


The paucit.v of refeivnces to cholo/’rhca in tlie litci’aturc is rather 
sui'prising. Ai)parently, the first mention of this condition was made 
bv Sadlier, who in 1916 reported 2 ca.sos in wliich excessive lo.ss of bile 
postoperatively was accompanied by circulatory collapse. In the first 
ease removal of stones from the gall bladder and common bile duet was 


followed postopei’ativeli' by di’ainage of 3,000 to o,000 c.c. f)cr day ol 
remai'kably tbin, light-colored bile. Five days after ojicration pi'ol'ound 
shock ensued. Rai)id improvement followed the ])arentcral administra- 
tion of large quantities of solution of .sodium chloride, init the condi- 
tion of shock recurred several times. dcs|)i(c treatment, until the eight- 
eenth po.stoperative (hy. when c.xcessivc dis<’))argc of bile abiuptly 
I In the second imticnt marked cholorrhea developed two da.vs 
S^rsurmcal removal of numerous stones of the c(.mmon bile duct. 

‘ 1 envere shock occurred on the tVmrIh |.osloj)crativc day. The patietit 

appeared to be in extremis, with ashen color a..rl cold skin, hut nilhrel 

“iow <n McUHn.. ...” I:-'-’;,"™- 

rorpu..nc....on.A..rn....9.L^^ 
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when sodium chloride was administered parenterally. Excessive drain- 
age oi hile subsided after thirteen days. Sadlier could find no report of 
similar cases in tlie literature and conducted a survey among surgeons 
esimcially interested in the biliary tract concerning their experiences 
with such a complication: eight reported having encountered the condi- 
tion on a number of occasions, at times with fatal issue. 

Walters and Parham in 1922 pointed out that excessive drainage of 
bile from ])atients operated upon for obstructive jaundice was an 
ominous sign of the development of hepatic insufficiency. Their series 
comprised 6 cases in whieli deatli followed some type of biliary opera- 
tion and 2 of the 6 patients exhibited conspicuous cholorrhea. 

rireene, Walters, and Frederickson in 1930 studied the composition 
of the hile of 9 patients after operative relief of biliary obstruction from 
various causes. Three of these patients suffered from marked cholorrhea 
with output of bile varying in quantity to as much as 3,500 c.c. per day. 
The bile was notably pale and watery in fjuality. The concentration and 
total excretion of bile acids and bilirubur were abnormally and con- 
sistently low, whereas, the average content of chloride was somewhat 
higher than in tlie 6 other cases comprising tlie series. Greene and his 
co-workers suggested that in cholorrhea loss of salt was great enough 
to be of clinical significance and pointed out that loss of fluids on occa- 
sion could ho great enough to reduce the oxrtput of urine. 

In 1932 ^lelchior described 1 case in which profuse cholorrhea after 
cholccy.sfcctomy led to prostration and death twenty days after the 
operation. In a second case which he described recovery occurred de- 
siiite a flow of bile as high as 2,000 c.c. per day. In both instances the 
liver had appeared to be markedly diseased at operation and the drain- 
ing bile was very pale in coloi'. The author concluded that the profuse 
flow in each instance must have been the re.sult of marked damage to 
the liver. 

Bile excreted during a ])criod of cholorrhea contains large amounts of 
mineral base and the loss of electrolytes by this means may be very large. 
A patient mentioned by Snell lost 80 Om. of sodium chloride and 11 
litei-s of fluid through biliary discharge during a three-day period. Snell 
has observed the volume of bile to be as great as 6,000 c.c. per twenty- 
four hours, lie wrote that the concentration of bilirubin in such bile 
is very low and that the concenti-ation of bile acids is only about one- 
tenth of normal; whereas, the coneentrations of mineral base and chlo- 
ride are increased as compared to that of noxanal bile. 

The following ease is reported because it illustrates i-alher clearly 
some of the clinical and chmnieal consequonees of this unu.sual condition, 
and. incidentally, an intere.sting ]»roblem in din'erential diagnosis. 


An Iri**!! fnrnn*r, 
of wiTiV.no-^. 


urn*ouT or a OAsr. 

Iiecil r.O year-. .-aTnc tn tlif Mayo riinic on July 7. 10X0. Iio- 
llo Imd uUvayv ln>i>n ilark •.kinncil. Diiriin: tlie ^iroccilino five 
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jeais fatigue anti progressive weakness had developed and lie had lost 25 pounds 
(11 kg.)- On two occasions he had had attacks of cramping pain in the upper 
part of the abdomen, accompanied by nausea, vomiting, and diarrhea, followed by 
passage of dark urine. On one occasion he had had visible jaundice. Fourteen 
months before coming to the clinic his condition had been diagnosed as “Addi- 
son s disease" elsewhere, and he had spent a year in a sanatorium, where he was 
treated with rest and the administration of sodium chloride and cortical hormone 
without subjective improvement. One daughter had had tuberculosis. The family 
history and prersonal history otherwise were irrelevant. 

Eesults of examination at the Clinic were essentially negative, except for mal- 
nutrition, pigmentation of exposed surfaces, and diffuse melanosis. The patient’s 
blood pressure was 128 systolic and SO diastolic, expressed in millimeters of mercuiy. 
The patient was placed on a low salt, high potassium diet, as described by Cutler 
and associates, to rule out the possibility' of Addison’s disease. Both the chemical 
and clinical findings obtained by' this procedure were incompatible with such a 
diagnosis. A four-hour specimen of urine on the third day' of the test contained 
only 27 mg. per 100 c.c. chloride. 

Urinalysis disclosed a specific gravity' of 1.017 ; the reaction was acid. Besulfs 
of tests for albumin and sugar, and microscopic examination, were negative. Re- 
action to the flocculation test for syphilis was negative. Tiie content of liemoglobin 
was 13.G Gm. per 100 c.c., the erythrocyte count was 3,800,000 and the leucocyte 
count was 3,400. Tlie value for fasting blood sugar was 10.3 mg. per 100 c.c. A 
bromsulfalein test of liver function showed retention of dye, Grade 2. The value 
for plasma bilirubin was 2.0 mg. per 100 c.c.; the reaction to the van den Borgli 
procedure was indirect. Results of roentgenograms of tlic tliorax and stomacli were 
negative or normal, as were those of analysis of gastric contents. A cliolccystogram 
disclosed a nonfunctioning gall bladder with stones. It was felt those data effec- 
tively ruled out Addison’s disease, and cholecystectomy was advised. 

Operation was performed Oct. 17, 1940. A grossly diseased gall bladder con- 
taining stones was removed, and several stones wore taken from tlio common bile 
duct which was then closed around a T-tube. Iilacroscopically the liver appeared to 
be abnormal; biopsy revealed cirrhosis of Grade 2 on tlie basis of 1 to 4. A 
decreasing blood pressure during operation was ameliorated by the transfusion of 
500 c.c. of eitrated blood. 

After the operation the patient failed to regain strength as rapidly as expected. 
Ten thousand cubic centimeters of dextrose solution and phy.siologic solution of 
sodium chloride was administered during the first four days, but tlicreuftor the 
parenteral administration of fluids was discontiuued, since the oral intake of 
fluids and tlie volume of urine had rapidly- reached satisfactory figures, 'riic pa- 


tient’s appetite W'as extremely poor and he remained very weak. 

On the day of operation 700 c.c. of bile drained from the T-tiibe. The ipiantity 
increased by* the fourth postoperative day to 2,200 c.c., and thereafter averaged 
1 500 c.c. per day. It was liglit and watery in quality. The total intake of fluid, 
output of urine, and volume of bile arc shown graphically in Fig. I. On the 
morning of the eighth postoper.ativc day the patient was weak, sweating, and 
un.able to cat. The flow of urine was .scanty (70 e.e, in sixteen lioursi and the 
•*ne wa.s concentrated. By noon the patient w.ns prostrated and presented the 
''•'fire of severe peripheral eireulatory collapse with rajiid, sliallow respiration, 
Gireadv pnisc, marked ladlor, f.aint heart sounds ami a blood pressure of 70 
’ f menrnrv svstolie, and -10 nun. of inerenry. ilinstolie. Tliis episode was not 
” -n.t J.i-'n-ilJ.sea. vomiting, diarrhea, bieeongh. nr abdominal pain. Ik-e.-inse 
ncconipiini . ^ Addhnn’** iIim*;'*-'**, Juj'I tljf that tlic iiT<‘*-*‘nt 

of the pronous ^ ins,iffi..h.nFy, oornph-to of 

bore some simian.’ ^ -| „iti,ont waiting for the results, vigorous treat- 

blood chemistry were olit-un. i. 



201 


KEATIXG, JR., ET AL. : POSTOPERATIVE CHOLORRHILV 

itient by means of the intravenous administration of dextrose solution and solution 
of sodium chloride and adrenal cortical extract was instituted. Spectacular im- 
provement follovred in a few hours. 

Forty-eight hours later the patient’s condition appeared to be entirely satisfac- 
tory, and the intravenous administration of fluids again was discontinued. Ke- 
covety continued to be slow, and although circulatory collapse did not occur again, 
subsequent studies in blood chemistry on the fourteenth postoperative day indi- 
cated that such a state was again imminent. The patient once more received 
fluids intravenously and was given adrenal cortical extract. After administration 
of these was discontinued three days later, 10 Gm. of sodium chloride and 5 Gm. 
of sodium citrate were given daily by mouth. Clamping of the T-tube was begun 
the fourteenth day, and despite some discomfort to the patient, the tube remained 
closed after the twentieth postoperative day. From the fifteenth postoperative day- 
onward the patient improved steadily, g-aining weight and strength. His subse- 
quent convalescence was essentially uneventful. 


Operation 


Shock 

treaimcnt 

1 


Clamp no of 
T-tube wjten 


T-tube permanently 
dosed 


_Total nitawivi 
fled OitSA * tsooex. 



Urmp s'olu'np ^ — •' | 

1 a 5 4 0^ 6 7 6 9 10 n la 13 M 15 IG n 1& 19 io 21 £5 

Days following operatjon 


Fitr. 1, — -Fluid intake and output. To the measured fluid output ha.s been added 
l.TiOO c.c. per day to account for jn.'sensjble fluid loy.c. TIic total output as estimated in 
this manner exceeded the Intake during part of the first week postoporativelv, although 
not b\ Impressive amount*?. 


COMMENT 

Vvhc7) firsl examined iit the (’linie, this patient presented an intore.st- 
iug diagnostic problem. Addison's disease had been diagnosed clse- 
wliere for him, for obvious reasons; marked a.sthenia, malnutrition, and 
pigmental ion were present. However, pigmentation was limited to 
brown discoloration of exposed p-.rrts and a diffuse bronzing of the 
trunk. The erease.s of tlie palms, body folds, sears, and mueous mem- 
branes were not pigmented nor were black freckles, characteristic of 
adrenal disease, appai'ciit. Ade<in:\te adrenal function was indicated 
by results of the salt dejn-ivation te.st, and the demonstration of l)ei)atic 
disease assneiated with eholclithiasis was felt to afford a perfoetlv ade- 
tpiate alternative explanation of all the symptoms. 

^Mlen seen on the eighth postoperative day, the patient imo.sonted a 
pietnro oi severe prostration and extreme poi-ijilieral cireulatorv col- 
l:ip-e which again migiit liave been mistaken for the crisis of Addison's 
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disease. There irere a number of reasons for the belief, however, tliat 
his condition did not reiDresent adi’enal cortical insufficiency: (1) re- 
sults of the salt deprivation pi'ocedure done two months earlier had 
been entirely satisfactory and completely negative; (2) the clinical 
picture differed from that of acute adrenal cortical insufficiency in the 
absence of vomiting, diarrhea, liiccoughs, or abdominal pain; (3) the 
patient had survived a long and difficult operation and six days of con- 
valescence, a course of events most improbable for a patient suffering 
from untreated Addison’s disease; and (4) results of chemical studies 
of the blood and urine differed from those encountered in Addison’s 
disease. 


Because of the previous uncertainty as to the correct diagnosis, the 
patient was subjected to rather intensive studj^ during the ensuing two 
weeks. Samj^les of blood were collected under oil and centrifuged. 
After the hematocrit value had been detei'mined, the plasma was re- 
moved and examined for specific gravity, and for content of sodium, 
potassium, chloride, total protein, nonprotein nitrogen, and urea. 
Twenty-four-hour samples of urine and bile were analyzed for sodium, 
potassium, and chloride. Determinations of the specific gravity of the 
plasma were made by means of the Kagan proteinometer; total protein 
was determined by means of a modified Kjcldahl method. Details of 
other chemical analytic methods employed are described elsewhere.’® 
Eesults of Laioratorif Studies . — The laboratory data are summarized 
in Table I and the changes observed in the blood ai'e represented graph- 
ically in Fig. 2. The hematocrit value, specific gravity of the plasma 
and plasma proteins were employed as indices of hemoconcenfration. 
When the patient was first ob-servod to be in circulatory collapse, all 
three were pi'oportionatel.r' and markedly elermted. The cell volume as 


determined by the hematocrit was 62 per cent; plasma proteins were 
11.0 Gm. per 100 e.c. and specific gravity of the plasma was 1.03C. These 
values suggest a rather marked i-eduetion in plasma volume. In a 


sample of blood obtained sixteen hours later these detei’ininations wei-e 
relatively normal, but six days later the figui-es again indicated inei'eas- 
iu" hemoconcentration de.spite the fact that clinical evidence of shock 
had not developed: the hematoci-it value was 62 per cent, .specific 
o-ravity of the plasma was 1.032, and plasma proteirrs were 9.5 Clm. jrcr 
100 cc With additional treatment tlic indices of hcmoconccntiution 
decreased and thei-eafter i-emained within noianal ranges. 

The first specimen of blood analyzed contained 96 mg. per 100 e.c. 
nonurotein nitrogen, of which 76 mg. per 100 e.c. rci.tTsentcd ui-ca 
• ■ tr That this retention of nitrogen was associated wifii eirenla- 
mtrogen. ‘ jjp^oeoneenfrafion rather than any inir'insie type of 
S'irfeiincy is shown by the r-apidity uith which a decease to 
‘ _ .iirrcd. -\u increase in nitrogen did not aeeomjiany tfie 

normal va ues oec j place the thirteenth and foiirleenlh da>s 

hemoconcentration uJiicn i 
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disease. There were a number of reasons for the belief, however, that 
his condition did not represent adrenal cortical insufficiency: (1) re- 
sults of the salt deprivation procedure done two months earlier had 
been entirely satisfactory and completely negative; (2) the clinical 
picture differed from that of acute adrenal cortical insufficiency in the 
absence of vomiting, diarrhea, hiccoughs, or abdominal pain; (3) the 
patient had survived a long and difficult operation and six da.vs of con- 
valescence, a course of events most improbable for a patient suffering 
from untreated Addison’s disease; and (4) results of chemical studies 
of the blood and urine differed from those encountered in Addison’s 
disease. 


Because of the previous uncertainty as to the correct diagnosis, the 
patient was subjected to rather intensive stud.v duidng tlie ensuing two 
weeks. Samples of blood were collected under oil and centrifuged. 
After the hematocrit value had been detei’mined, the plasma was re- 
moved and examined for specific gravitj*, and for content of sodium, 
potassium, chloride, total protein, nonprotein jntrogen, and urea. 
T-vventy-four-hour samples of urine and bile were analyzed for sodium, 
potassium, and chloride. Determinations of tlie specific gravity of the 
plasma were made by means of the Kagan proteinometer; total protein 
was determined by means of a modified Kjeldahl method. Details of 
other chemical analytic methods employed are described elsewhere.” 

Results of Laboratory Studies . — The laboratory data are summarized 
in Table I and the changes observed in the blood are represented graph- 
icallj'' in Fig. 2. The hematocrit value, specific gravity of the plasma 
and plasma proteins were employed as indices of hemoconcentration. 
When the patient was first observed to be in circulatory collapse, all 
three were proportionately and markedly elevated. The cell volume as 
determined by the hematocrit was 62 per cent; plasma ju’oteins were 
11.0 6m. per 100 e.c. and .specific gravity of the plasma was 1.03C. Thc.se 


values suggest a rather marked reduction in plasma volume. In a 
sample of blood obtained sixteen hours later these determinations were 
relatively normal, but six days later the figures again indicated increas- 
ing hemoconcentration despite the fact that clinical evidence of .shock 
had not developed; the hematocrit value wa.s a2 per cent, specific 


rrravity of the plasma was 1.032, and plasma proteijis ^vere .O.o 6m. j)er 
100 c.c. With additional treatment the indices of hemoconcentration 
decreased and thereafter remained within normal rangc.s. 

The first specimen of blood analyzed contained 06 mg. per lOD c.c. 
nonprotein nitrogen, of whicii 76 mg. per tOO c.c. rej)rescn(ed urea 
•f <Ten That this retention of nitrogen wa.s associated with circtila- 
r ^°eollapse and hemoconcentration rather than any intrinsic type of 
insuffieiem-y is shown by the ra,.idity with which a decrease to 
1 i.,nc occurred. An increase in nitromm did not accomimny tlic 

;!cI»,X„lrati«n to.* I*"' ""''"■'''"I' 
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That the kidney could adequately conserve electrolytes is shomi by the 
fact that on such daj’s the urinary concentration of these substances 
svas extremely low; for chloride, 32 to 54 mg. per 100 c.e. and fox 
sodium 8 to 12 mg. per 100 c.c. The parenteral administration of solu- 
tion of sodium chloride, on the other hand, was accompanied by the 
usual marked increase in the excretion of both salt and water in the 
ui'ine, so that an appreciable proportion of the salt thus administered 
probably was soon lost. 

The daily output of bile was uniformly large; 1,500 to 2,000 c.c. 
per day during the ftrst week, and 1,000 to 1,700 c.c. thereafter (Fig. 
1). The samples of bile analyzed contained extremely high concen- 
trations of chloride (117 to 129 meq. per liter) and were propor- 
tionately high in sodixxm; values for both ions far exceeded contempo- 
rary values for the same ions in the plasma (Table II). The concen- 
tration of potassium in the bile, however, was little if any higher than 
in the plasma. The significance of these observations is show'ix by the 
fact that on a day on whicli 2,000 c.c. of bile was excreted, 17 Gm. of 
sodium chloride was lost by this route alone. 

Table It 


COMPArasox or Ei.ECTr.ouvtE CoscEXTr.ATioK ix Pl.\sm,\, Bux, akd ITp.ixe* 


PAY AFTEH 
OPERATION 

j CHLORIDE 

SODIUM 1 

POTASSIUM 

ra.^sMAj BiLi; \ xmxxE 

ri,.\SMA\ BILE 1 ur.iXE 1 

rLASM.Vl BILE \ UUIXE 

1 MlLUEQnVALEKTS PER LITER 

14 1 

20 ‘ 

SI 117 9 

99 129 210 

mmm 

■bI 


•First dtiy noted (tovirteentU) Is one on which no extra salt Vi'as administered, and 
a state of relative depletion of salt existed. Second dav noted (twentieth) is one on 
which an excess of salt existed. 


Comparatively little information is available couceniing the electro- 
lyte content of apparently normal bile which is drained externally. 
The i-ecent monograph hy Sohotka summarized most of the published 
data oix this subject. Tsebopp (cited by Sobotka) found in normal fistula 
itilc 96 meq. of chloride aixd 4.9 meq. of potassium per liter. Grcouc 
and his co-workers fomxd that bile excreted by their patients contained 
a concentration of chloride varyinc from about 90 to 130 meq., but 
averaging about 110 meq. per liter, figures in many instances above nor- 
mal plasma levels. Accurate data for the sodium content of normal 
human bile are not availahie, but Rhcinhold and Wilson found tliat 
apparently normal bile drained from an external fistula in dogs coii- 
tained an average of 174 meq. of sodium as compared to values for 
sodium in tlic plasma of 148 meq. ))or liter in the same animals. 

rtiirf Ji(dnnc (. — The figures for intake of fluids as com- 

pared to those fop the total outinit of fiuid.s a])prared to be .safisfaetorv 
on the patient s chart. If, however, axx inex-oment of 1.500 c.e. per day 
is nildcd to the nKcisnred output (« account for insensible loss of water 
as suggested by OoHo,- and Maddnek.=- '• the loss of fluids during the 
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after operation, indicating that impairment of circulation of a degree 
sufficient to affect renal function had not occurred on the second occa- 
sion. 

Study of the plasma electrolytes revealed equally profound altera- 
tions. The first sample of blood contained 76.4 meq. per liter of chlo- 
ride; whereas, the plasma sodium was reduced proportionately only 
about one-half as much as the chloride (128.2 meq. per liter). The 
figure for plasma potassium, 16.9 mg. per 100 c.c., is at the lower limit 
of normal and is of interest chiefly because it indicates, contrary to the 
inference of Scudder and others, that the classic picture of shock and 
hemoconcentration may occur without associated hyperpotassemia. 



riie fimires wc have .fust prc.scntcd for plasma eleclrolytes ai’O m 
‘relv typical of the crisis of adrenal cortical insufficiency, in wiiic 
M ^ oiitent of plasma i)ota.ssinm and a low content of plasma 
^ -ifo fo he found, hut with sodium depleted to 


not 

, ... .viiicli 

ieh content oi piasn.u content of plasma ciilo- 

1 sodium iisiiallv arc to be found, hut with sodium dciilctcd to a 
-tent than chloride. Fnrthormorc, the c.KtremcIy small riiian- 
,1iiim and chloride in tiic urine on day.s on wiiich c.xtra salt 
dminisiered docs not siiwc.->t .adrenal cortical insufficiency. 
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Tiic physiologic basis for cliolori’hea is entirely nnknowr. The present 
case and the othci-s in the literature amply document the statement that 
cholorrhea apparently is a manifestation of serious hepatic damage. Pre- 
sumably, the damaged liver loses the capacity to excrete bilirubin and 
to form bile salts while it retains the ability to excrete chloride and base 
in concentrations which are higher than those present in the blood. 
Brand has .stated that bile shows a remarkable tendeney to maintain 
a constant osmotic pressure which is equal to that of the plasma and that 
valuations in one of the constituents of bile arc compensated for by 
suffieicut alteration of others to maintain the normal osmotic pressure. 
On this basis one of the fundamental disturbances in cholorrhea is a 
decreased ability of the hepatic jmrcnchyma to excrete bile acids. Under 
such circumstances the chloride content of the bile is necessarily greater 
than that of normal hepatic bile.'® 


SUJniARY 

The syndrome of postoperative cholorrhea occurs occasionally as a 
complication of surgery of tlie biliary tract. It is perhaps most fre- 
qucntly encountered among patients who have hepatic disease associated 
with stones in the common bile duct, but also may be encountered in the 
presence of chronic biliary ob.struction from other causes. It is char- 
acterized by lu'ofusc drainage of pale, thin bile containing markedly de- 
creased quantities of bilirubin and bile .salts and cxce.ssive concentrations 
of chloride and mineral base. The eases heretofore reported lead the in- 
vestigator to believe that the presence of this condition is a serious prog- 
nostic sign. Loss of fluids and of large (luantities of electrolytes by 
means of such excessive biliary drainage may lead to dobydration, hypo- 
chloremia. and circulatory collapse. It seems probable that deaths may 
have occurred from these secondary factors rather than from hepatic 
deficiency. 

A ease is presented in which cholecystitis and stones in the common 
bile duct associated with cirrhosis of the liver and evidence of impaired 
hepatic function iiroduced certain clinical and chemical features bear- 
ing a superficial resemblance to Addison's disease. Postoperative cbolor- 
I'hca, its imiilications at first unrecognized, led to iirofound electrolyte 
depletion. hy)iocliloremia, hemoconcentration, and circulatory collajise. 
.\dequate and iicrsistent retilacement of salt and mechanical termination 
of the extei’iial flow of bile were followed by conqiletel.v satisfactory con- 
valescence. 


RKrr.RENcr,-^ 


1. .1 ; Il(>Ur;iR 7«r Ki'mitiU-s Ucr Catlo. Pniigor'.-; \reti f ,1 

gi'-. Pliysiiil. 00: liU-.l'Jg. l<i(ig. 


r. I'lillrr. P. •lint Mmlilm-l;, W. 0.: Wsitor 
Inirniiit. Clin. (s. II) 3: I'n gl.'i. m::i 
.'i. tVOl.T. P. Dirk. V. P.. nn.l Ma.t.livk. w'. li.; 
Exrlvnngr Wilti riniiis, .1. M 


t’ntnins* in Snrgirnt Pnn'fitions. 

Mnintrnnnri- iif Ncnnuil Wnti'r 
. A. 107: l.'igg.t.'igT. lew.. 
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fiist 'week is shown lo iiavc exceeded (he intake, altiiongii not b}' im- 
piessiye amonnls (Fig. 1). Except for the .solution of sodium chloride 
administered intravenously the first few days postopei'atively, the in- 
take contained very little salt, for tiie patient ate little and the fluids 
taken by mouth, although they were of fairly satisfactory volume, were 
virtually salt-free. By contrast, the fluid excreted, especially the bile, 
contained large amounts of salt. On this basis the resultant h.ypo- 
ehloremia and circulatory collap.se may be explained. 

An estimate of the probable daily salt balance has been made for the 
entire postoperative period. These balances are show 2 i graphically in 
Pig’. 3. Prom the diet record Avas calculated the maximal possible intake 
of chloride, and for days on Avhieh no laboratory data were available, a 
minimal output, of chloride in the urine was postulated. The average 



Days following operation 

Pig-, 3^ — Estimated chloride balance. The difference between the estimated 
and estimated output of chloride Ion is sliown as ''grams retained" or "grams lost 
per day. Marked chloride depletion preceded the appearance of shock on the eighth 
postoperative day. 


values for chloride tvere applied to all bile excreted. The differences be- 
hveen the values for intake and output of chloride were assumed to 
represent a conservative measure of the loss of salt wlien such loss oc- 
curred. It may be seen from the graph that the time of circulatory col- 
lapse is preceded by several days, during wliich the excretion of chloride 
exceeded the intake by large amounts, and that a similar negative 
balance was inadvertently alloAved to occur during several days ])reced- 
in°- the second period of hemoconcentration. By tlie time the latter had 
occurred the nndcrl.ving disturbance was recognized; extra salt and 
sodium Avere administered regularly tiiercafter, partial closure of 
tnhc Avas expedited and .siib.sefpionl recovery was witlionf furlber 
! J 1 T tak il no 10 Lollcvc ll„ot tl.o .n,lrc„»l ..orti,..,! c.I.-.n-l 

ndmlnistorf .00 cm«gci.oy tmolmont in thio oi»o ,.I.,yo,l ,„,v »K.,i»;i»l 

lole in the patient '.s recovery. 




HEJIANGIOJIA OF THE LIVER 

Discussion of Symptomatology and Repokt of Patient 
Treated by Operation 

Harris B. Shumacker, Jr., M.D., B.u.timore, j\Id. 

(From the Department of Surgery, the Johns Bopkins Bospital) 

A lthough small hemangiomas of the liver are not uncommonly seen 
incidentally at post-mortem examination,* such tumors rarely 
grow sufficiently large to cause sjuiiptoms or signs which lead to opei-a- 
tive treatment. Because of this fact, and possibly also because some 
surgeons when confronted with the problem of dealing with a blood 
vessel tumor in a notoriously vaseular organ may have refrained from 
resection for fear of uncontrollable hemorrhage, the number of reported 
cases in whicli resection has lieen carried out is not large, and no author 
has published a report of more than a single case. 

When I recently came upon a large hepatic hemangioma during a 
laparotomy, the puzzling question presented itself whether the tumor was 
causing the sjuiptoms of which the patient complained and whether re- 
section would relieve her of her distress. Like certain other lesions which 
arc ordinarily small and asjTnptomatie and rarely are large enough to 
produce complaints, the symptoms which may be attributed to hemangi- 
oma of the liver arc not commonly known, the criteria upon which a pre- 
operative diagnosis may be postulated are not fully understood, and the 
efficacy of treatment is not definitely appreciated. I have consequently 
felt it advisable to report this ease and to analyze the case records in the 
literature in regard to the clinical picture which these tumoi-s present 
and the outcome of operative treatment. I shall deal only briefly with 
the technique of resection. Prom time to time certain fundamental con- 
tributions to the operative removal of liver tumors in general and of 
hemangiomas in particular have been made, and the problem has been 
discussed in several recent papere.'^- I shall not include in this study 
malignant hemangioendotheliomas.'’ '‘■ 


CASE KEFORT 


L., a colon'll miirrioil female. 40 jear- of age, iv.as nilmittcd to the .Tolmc 
llojil'.ni*. lIo-]dtal on .April 21, tlMO, complaining of epigaiitric di'-comfort. She 
-laleil that her pn".ent illnm,', hml hpjpm at lea'.t fifteen years licfore and had con- 
tinni'd excejit for occasional remic«ion>. nliicli did not last more than a few neck'!, 
and that during thi'< time she had had nearly coni-tant gnaning di'-comfort in the 
upper alslonien. The tronhle had become steadily «or-e and had licen e“pooiallv 
bad in recent month'-. Slie complained of a continual feeling of fullne--- and of 
a m^int ‘’sour feeling" aith occuMonal eructation but aith little or no vomiting. 


for rubllcatlrtn, April 1?41, 

orr\ir luoro oft« n in lh#r tlnn in 
Iric* iimjarlly <jf tlw r»r<* roIUn-rj" tumors. 


nnv 


othur Intorml orKan.-* 
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ulcer being suspected from time to time. Wien tlii« diagno'-i= was tliouglit to liaie 
been c=tabli«licd, .sbe was admitted to the hospital for operation. 

Tile patient liad Iiad many other complaints. Since 1926 slie had been under 
treatment or observation for syphilis. She had been treated off and on in the 
no»e and throat clinic since 1927 for bilateral maxillary .sinusitis, and since 1933 she 
had been under treatment in the protein clinic for asthma. She had been thought 
by some to hare infectious arthritis, but in 1940 the phjsicians in the arthritic 
clinic had failed to find any evidence of arthritis and thought her joint complaints 
were entirely subjective. She had been seen in the gynecologic clinic on numerous 
occasions and had been treated for chronic salpingitis, trichomonas infection, and 
ureteral stricture. It seemed to be generally felt that in addition to many organic 
complaints she had a definite tendency to hypochondriasis. Her family history* was 
noneontributory. 

On admission the temperature was 99.4" F.; the pulse, 90; the respirations, 22; and 
the blood pressure, 146/90. On general examination nothing abnormal was found 
except a small ill-defined mass just below tlic xiphoid which descended with respira- 
tion and was slightly tender to palpation. It could not be outlined sufficiently well 
to permit an accurate opinion as to its si/e, contour, or consistency. The AVasser- 
mann reaction was negative, the mine essentially normal, the hemoglobin 54 per 
cent. The day after admission the patient vvas given a transfu.sion of 500 c.c. of 
citrated blood, which raised the hemoglobin to 63 per cent. 

It was thought that tlie patient had a chronic duodenal ulcer. Tlie presence of 
the mass raised the question whether she might have a gastric carcinoma with 
metastascs to tlie liver. 

(Ipcrnfioii. — Exploratory laparotomy, excision of hemangioma of liver, April 23, 
1940. Under ether anesthesia a high loft paramedian incision v\a« made, the 
peritoneum was opened, and the viscera were inspected. In the first portion of the 
duodenum was a small diverticulum, smaller than the distal phalanx of one’s little 
finger. Xo ulcer was seen 'and the pyUirus was patent and not scarred. Pome ob- 
servers thought there was evidence of very slight si-nrring on the anterior surface 
of the duodenum just bevoud the pylorus, hut this vvas not definite and there vvas no 
conclusive evideme that the patient had ever had a peptic ulcer. The stom.ach was 
entirely normal, as were the gall bladder and the intestinal tract. .Attention was 
immediately altriicled to a large cavernous lieiiiangionia about the sire of a man's 
fist, which occupied most of the left lobe and which pressed upon the upper portion 
of the lesser curvature of the stomach (Fig. 2). It was felt that this lesion most 
likely aecoiiiited for the patient’s symptoiMs, The ligamentous attachment of the 
h-ft Inhe of the bver to the diaphragm was divided, permitting adequate mohili/ation 


of the lobe. l.arge Kelly elainps were placed acros. the liver about 1.5 em. beyond 
the margins of the tumor, and the tumor was quitkly excised by sharp dis-eetion. 
The clamps held along the margin of the liver where the liver was thin, but eut 
through deeper in where the liver was thick. The pedicle of the lobe was being 
com|>rcs»(d lictiiccn two linger', however, and there was surjinsinglv little bleeding. 
I hroiigli and thrioigli neittres' sutures of modiiim silk were jdaced jii't ivitliin the 
ihimp' and the clamps were removed Release of pres'ure on the hilar strnetnres 
liemoii'tiated a niimbiT of hhs'ding imiiits; these were elaiiipeil witli hemostats 
.ami coagnl-ited with tlm eUs-tris-aiitcry The imittress sutures had njiproximated the 
edges of the bver in ilv ihiii iHTiphcrtil iiortion. but it was imiios'ilde to 
acompli'l, lin- iciitrally Isaimse of the thicknc's of the liver. The Is-d was now 
dry. .V cigaictto dram was so pkatisl that the end of the gaiire was m vontaet 
with il„. denuded bver «iirfnM. The wound was iliise,! ,n layer' with interruptixi 
silk s itiiri s. *1 lie p'ltoiit st(„„l the proeisluri* well. 

ralli.dogic 'tody .howed the ex.is.al tumor to be » tvj,.eal lavcrnous hemangioma. 

«'<•!> Ideed ami Imis! bv tvpieal end., 

"I* "f moderat. ly dense iimm'et.ve tissye. 


Un'U \\ 111' Ulti'T-t I'r* 
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^omefiines tliore wiis a "quivering" acnsaiion in flic upper abdomen and .‘•ometinies, 
she said, the gnaiving discomfort was sorneivliat as if she could feel her heart beating 
in the ojiigastiic region, Phe .said that soda, milk, and food bi ought some tempo 
rary lelief, but rarely for longei than an hour or an hour and a half at most. The 
discomfort wa.s o.sjieeially annoying at night, often waking her fiom a sound sleep. 
She had never had /lemafoniesis oi melena. She said that her weight had fluctuated 
gieatly during the jiast twenty year.s and that she had recently lost weight. 

E.xaniination of her voiuwiuous di.s-pensary record shoived that she h/)d been a 
frequent visitor to the gasfiointestinat clinic since 1927, wlien she first came because 
of upper abdominal discomfort and eomsfipation of seven years' duration. The corrr- 
plaints rvere repeatedly the satrre: "gas,” "rrirscry," "gnawing" or "quivering" 
sensation in tire "pit of tbe stoniacb.” Drrrirrg tire fourteen years of observation 
.sire bad beetr treated with vai'iou.s alkalies, diet, mineral oil, belladonna, bromide, 
and Iryoscyarrrus coittpottnd. Tbere rrere fluctuations in Iter distress but rarely re- 
lief for any length of time. Phe had had numerous gastric analy.“es. The fasting 
free acid varied from I-l to 42, the total front 39 to 78. In 1931, after the ndrahr- 
istration of Iristanrirre, the free acid was (ifl, the total 70. Front time to time gastro- 
intestinal fluoroscopy wrts done. In 1927 the stomach was sard to be atonic hrrt 



Fin- 1 —Gastrointestinal x-ra.vs. -1. Before operation, April 1940 The Ijressiue 
1 rdi the lesser curvature from an extrinsic mass ami the dofoinilt.v of tlio tliio 

huih vv%re consT^^^^^ films B. After operation, Mu.y. 1910., The Pte.ssuro 

fimm the extr-insic mass is no longer present. Deformity of the duodenal bulb peisist.s. 


without intrin.sie lesion. In 19.37 the stomadi and duodenum vveie de.-eriljed ns nor- 
mal In March, 1939, the pylorus was said to he spastic. X lays taken in October, 
1039 showed a'prcssure defect of the lesser cunatuic from an extrimsic mass and 
a f rmitv of the duodenal bulb thought to be due to an old ulcer. Two subsequent 
f intestinal presented e.s.scntially the same picture (Fig. Id). Cliolc- 

s in 1939 showed no pathologic changes. A number of stool exnminntiouH 
cystogram occult blood. During the jieriod of observation ber licmoglobin 

w-ere nega dc ^ complete blood cxainimition in April, 1950, 

varied 'between p'r^biocytcs, 4.47 miJbons; hcnmgloliiii 8,.I Gm. fdO per cent); 
was as fo oorj,u=cular volume, 72 c. iiiieroiis; mean corpuscular hemo- 

hemato®''’*! .* mean corimsciiiar IicmoglolMii concentration, 27 per 

globin, 19 micromicro,, ^ feorr ) • icterus index, I. The impression laid varied, 
sedimentation rate, , (‘-orr.) , 
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When the patient first left the hospital, she cjjmplained of a sense of f^ess and 
occasionallv of slight regurgitation upon eating a large meal, but this difficulty soon 
cca=ed on a regimen of six small daily feedings which she followed for a few weeks. 
After this ."he was able to take a normal diet without difficulty. Gastrointestinal 
x-rays one month after operation showed normal stomach motility and the same de- 
formity of the duodenal bulb which had been noted before operation (Fig. 1 J5). 



I ij: 3 — I’hotonilcropr'iph of i>cripbLnil portion of the tumor showing larRC cndotUcUal- 
llned 6lnu‘?cs nnd the juljoIntnK H\cr 


Ono jenr nflrr oporation loolvCfl well. She had gained in weight and ex* 
uminulion O'^s^onlially negutne except tor a keloidal change in the abdominal 
»‘cur. The U\cr wan not palpable. There no abdominal tenderness. Slie Ftntcd 
tlnit i<iic wa** defviwtely l>ottcr than, before the operatiou but wa** not entirely re* 
liovod of hor troulih' i'or ten months she had had good appetite and dige'^tion; 
IkiwoN h'ul iiionvl rcgul'irh with the U'-e of mmeral od; the •■cn*^ of fulliic'»«| the 
frccpicnt enirlatinn, and the anno.MJig pain'j whicii plie had had before operation 
were aUrnivt enliroK ab'-ent. Ordinarily «he wn*' not aware of her “stomach''; 
“Ik* rnuipl'iitii*d iniic!i more of painn m her joint'* and in her ejo**: and she tol* 
iiideered llsai die foU quite well n** long as die could ktn'p her mind dnortfNl and did 
not think too much about leT'-eU. l)urmg iVe two month'*, hnwo\or, there had 
n a Tituru in a mild form of “ome of her old nmiplnint*'. She bad frequentlv 
h'id a "‘■irk feeling'^ in her opig’i**tn*»n wlu*di ^he found diHit^uU to de-*rTibe and at 
time- a gffut d*-d of rrueiation. •*\mplom“ could l>o r.lien'd with food, nulk, 

er . M M wtte-. T» e pt p'lin'^ had not rcturrod, nor had the “quiieritig 
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Tho noriniil liver suriounding the tumor showed no scarring but some mononuclear 
inflammatory infiltration in the portal spaces (Fig. 3). 

Tho postoperative course was uneventful. The patient was comfortable. For 
five days there was a slight elevation of temperature which only once exceeded 
100° F. For a few days there was light serohemorrhagic drainage but no biharj 
drainage. The drain was gradually shortened and was removed on the seventh day. 
She was discharged on the sixteenth postoperative day, the wound being entirely 
healed. A bromsulfalein liver function test the preceding day showed less than o 
per cent retention. 
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initiated tlie illnc.ss in nearly one-half of all the patients. This was tiie 
case in 27 patients. In 3. in all of whom there had been spontaneous 
rupture of the heinansiioma, the illness Avas of short duration and 
suggested acute appendicitis, ruptured tubal pregnancy, or perito- 
nitis.''^’ In most, however, the complaints were of a chronic nature, 
beginning in some instances as long ago as ten or twenty years before 
operation. The average duration of symptoms was nearly five years. 
In 17 patients the coinplaint.s Avere largely referable to the stomach. 
Some are said to have had “stomach tiouble" or “indigestion’’; in most 
there Avas definite epigastric distress or pain, frequently postprandial. 
An occasional patient localized his discomfort in the right or left upper 
ipiadrant, but more commonly it Avas in the midepigastrium. Sometimes 
the discomfort Avas described as of an unusual nature such as “A\*hir- 
ring.'* “tearing," or “dragging." Nausea, vomiting, and anore.xia AVere 
not uncommon, (hie jiatient had definite melena and hematemasis.'”' 
A few bad difficulty in swalloAving. In general, the symptoms at the 
beginning of the illness were commonly such as to direct attention to 
the stomach, although subsequently the belief Avas often held that there 
was some extragastric Ic.sion because all of these patients had a palpable 
tumor at the time of operation. In 7 patients, on the other hand, the 
.symptoms I’ather suggested gall bladder or biliary tract disease; in 3 
of these the symjitoms were apparently due to the hemangioma as re- 
section of the tumor brought about relief of symptoms. Interestingly 
enough, in a fourth'" the hemangioma caused a hydrops of the gall 
bladder by i)rc.ssure on the neck of the gall bladder, and excision AA-ith- 
out further operative procedures effeeled a cure. In 3 instances there 
was associated gall bladdei’ disease and hemangioma of the liver. In 
1 iiaticMt'" the gall bladder apiiearml normal and the hemangioma alone 
was resected; the eoii\plaints. hoAvever. continued until a cholecystec- 
tomy A\as Mil)se(|uently done, 'fhe pathologic rcpoi’t Acas chronic chole- 
cystitis. In another-' the hemangioma was resected at the same time 
tin- cholecystectomy Avas done. In the third'" the hemangioma Avas dis- 
covered only at auto]>sy. having been oA'erloolu’d in three .snccc.s.siA'c 
operations bvr cholelithiasis. 

One jiatient conqilained of headache. A'ertigo, anorexia, and fatiga- 
bility; aiiotlo’i’. ' a patient who had suffered a .s])ontaneoiis rupture of 
a hemangioma, complained only of weakness; in a few eases the history 
Is not given. 


In only a few eases is it definitely stated that a tumor was not 
])alp:dile, ami in .>4 a tumor Avas easily felt. In general, nothing 
characteristic was noted about the tumor mass. In 1 instance » mur- 
mur on auscultation and a history of a wliirring or buzzing sensation 
Icil to the correct diagnosis before operation.' Another tumor was so 
comiircssilih' as to lead the examiner to suggest the eorreet diagnosis.^’ 


Oniinarily. Iioncver. nothing uuusuiaI was noted on palliation of the 
mass 1 niortiinatcly. in almost all the cases, as in my own, aiisen](,.[. 
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ions ^\lli(•h she mid constituted the most distressing complaint before operation. 
It is apparent that she has by no means obtained complete relief and it remains to 
It seen t\]iethcr her sj'mptoms will diminish or increase with the pn.ssage of time.* 


DISCUS.SION 


I luivc i'ound in tlie literature 66 case.s of benign hemangioma of the 
liver in wliich operation has been performed. f My case brings the total 
to 67. In 56 of these the tumor was resected. 

The youngest patient in this series Mms 6 years old,^'' the oldest 76;' 
tnid the average age was 44 years. Operation was most commonly pei’- 
formed in the third and fourth decades (58 per cent). Seventy-five per 
cent were between 30 and 60 years old at the time of operation. 

Females were affected in a ratio of about 4.5 to 1 male. Fift.y-one of 
62 patients on whom data are available were females. 


In about one-half of the cases the initial complaint was of a tumor 
mass in the epigastrium or some equivalent sjnnptom such as increase in 
the size of the abdomen, and about one-half of the patients first com- 
plained of pain or some digestive disturbance. Twenty-eight of 61 pa- 
tients on whom data are available had first some such complaint as a 
tumor or abdominal swelling, and at least 21 of them were aware of a 
definite tumor mass. In addition, 4 patients had their attention called 
to the presence of a tumor by their physician ; 2 of these never developed 
any symptoms. In 12 other instances in which the illness began with 
pain or .some other symptom the patient subsequentl.v complained of a 
tumor or of abdominal swelling. 

The 32 patients whose initial difficultj’ was a tumor or abdominal en- 
largement had noticed this for a period of time vaiying from a few 
months to over 30 years, and on an average this complaint dated bach 
about 514 years. Apparently in 6 of these patients no other symptoms 
appeai’ed. One complained of nothing except weakness and evening 
fever, 2 of slight local discomfort, 7 of a sense of iveight or pre.ssiu'e. 
One had dysmenorrhea, 1 dysuria, 2 pain in the back or legs. Twelve of 
them complained of severe or mild epigastric pain or of a sense of heavi- 
ness, pressure, or fullness in the upper abdomen, often associated with 
other symptoms such as eructation, nausea, or vomiting. In .some in- 
.stances the distress was largely postprandial. 

Not only was pain or digesli%'e difficulty llie commonest of the .symj)- 
toms which subsequently appeared in the group of patients who.se illno.ss 
first became manifest by an abdominal tumor or enlargement, but “dy.s- 
nepsia ” “stomach trouble.’’ abdominal pain or diseomfoi't n.sually ei)i- 
crastric, nau-sea, vomiting, anorexia, and other gastrointesfinal eomplainls 


“ nr miblication tlie patlpnt if confidorably bottcr. .Slie lin.s Imd vary 

•At the n'”t of I niontli.f. ba.f not rcqulroti .‘.oilii or other inedicinf. .and liii“ 
little difncultv in lec .vav.f that her health ha.f heen decidedly better diiriny 

continued to gmu ueiM i- „ elation than any time during the pnat (Ifteen or tuenly 
the yc.ar and a half eua-i 

ve.ar.f. . , contain a few additional c.a.xe.a nie not avallnhle to me 

+ \ few paper.f "hion iJpcr mentions n caw of liertTnng/ojTia of tlif llvrr In 

in (iiscui*‘''"S^'^',?mcni’tv in condollinst the hleedlm;. Xo otlier detail*, are given and 

which he Jot "latcd. 

the outcome Is not sxai 
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initiated the illness in nearly one-half of all the patients. This Avas the 
case in 27 patients. In 3, in all of whom there had been spontaneous 
rupture of the hemangioma, the illness was of short duration and 
suggested acute appendieiti.s, ruptured tubal pregnancy, or perito- 
nitis.’"’ In snost, however, the complaints were of a chronic nature, 
beginning in some imstanees as long ago as ten or twenty years before 
operation. The average duration of .symptoms n'as neai-ly five yeai-s. 
In 17 patients the complaints were largely referable to the stomach, 
.Some are said to have had “stomach trouble'' or “indigestion"; in mo.st 
there was definite epigastric distress or pain, freciuently postprandial. 
An occasional patient localized his discomfort in the right or left upper 
quadrant, hut more commonly it was in the midepigastrium. Sometimes 
the discomfort was described as of an unusual nature such as “whir- 
ring," “tearing," or “dragging." Nausea, vomiting, and anorexia were 
not uncommon. One ])atient had definite melena and hematemasis.'"'' 
A. few dfffievdfy \\\ In geweval, the symptoms, at the 

beginning of the illness were commonly such as to direct attention to 
the stomach, although subsequently the belief was often held that there 
was some extragastric lesion beeaxise all of these patients had a palpable 
tumor at the time of operation. In 7 patients, on the other hand, the 
symptoms rather sugge.sted gall bladder or biliary tract di.sea.se: in 3 
of these the symptoms were apparently due to the hemangioma ns re- 
section of the tumor brought about relief of symptoms. Interestingly 
enough, in a fourth’" the hemangioma caused a hydrops of the gall 
hiudder Iiy pressure on the neck of the gall bladder, and excision Avith- 
out further operative i)rocedures effected a cure. In 3 instances there 
was associated gall bladder disease and hemangioma of the liver. In 
1 i)atient‘'" the gall bladder a])peared normal and the hemangioma alone 
was resected; the com])laints, howcA’cr. continued until a cholecy.stec- 
tomy was s\d)se(iuently done. The ])athoh)gic repoi’t was chrcniic chole- 
cystitis. In anotber'” the hemangioma was I’c.sected at the .same time 
the choleeystcetomy was ilone. In the third'"' the hemangioma was dis- 
covered only at autopsy, having been overlooked in tiirce .succe.ssive 
operations for cholelithiasis. 

One patient complained of headache. A'ertigo. anorexia. ai\d fatiga- 
bility; another.'’ a patient who bad suffered a s]iontaneous I’upture of 
a hemangioma, eom\)laiued only of weakness; in a few eases the history 
is not given. 

In only a few eases is it definitely stated Ib’.U a tumor was not 
l>alp.'dile. and in 54 a f\imor was easily felt. In gener.'d. nothing 
eharaeteristie was noted about tin’ tumor nuiss. In I instance a mur- 
imir o)\ avisetdtatiou .'ind a history of a nhirring or buzzing smisation 
led to the correct diagnosis before <iperation.* Another tumor was .so 
eompressibi,. as to le.-nl the e.vaminer to Miggest the eorreet diagno.sis."’ 
( irdin.’irily. howeva-r. nothing unusual was mUeil on pnlpalion of the 
mass. 1 niortniuitely, in almost all the e;ises. as in my own. an.senlta- 
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tion was not carried out. The tumor was most commonly palpated in 
the left upper quadrant of the abdomen or just below the xiphoid. It 
was found to arise from the left lobe in 30 cases, from the right in 18, 
from the spigelian in 1, in an accessory lobe in 1, in a “ Schnwrlappcn” 
in 1. In 5 instances the origin Avas apparently from multiple lohes; 
1 tumor arose from both right and left lobes, 2 from the left and quad- 
rate lobes, 1 from the left, quadrate, and spigelian lobes, and 1 from 
the right and quadrate lobes. The size of the tumor was Amriously de- 
scribed ; it was said to be the size of a prune, hazelnut, walnut, goose 
gRll bladder, apple, orange, man’s list, fetal head, child’s head, 
man’s head, pregnant uterus. In 17 instances Avhere actual Aveights 
are giAmn the tumor, generally in the collapsed state, Aveighed from 58 
to 2,500 6m. and averaged about 900 Gm. In 18 instances in which meas- 
urements are ghmn the size Amried from 9 by 5 cm. to 32 by 22 by 9 cm. 
and averaged about 12 by 12 cm. In 23 cases the tumor Avas more or less 
pedunculated ; in 8 of these the pedicle Avas large and broad. 

In 12 cases gastrointestinal x-rays Avere taken. In 1 case,^® in which 
the patient had had gradually increasing difficulty in SAvalloAving foods 
until finally no solids could be taken, x-rays shoAved considerable reten- 
tion of barium in the loAver portion of the esophagus, and the patient 
was operated upon Avith a preoperative diagnosis of carcinoma of the 
eardia. In 8 cases the stomach Avas seen to be pushed OAmr to the left 
or doAvnAAmrd or to haA^e an extrinsic mass pressing upon the lesser 
curvature, often lengthening the lesser curvature.®' 

I case^* the colon Avas displaced by a mass in the right upper quadrant. 
In 2 cases gastrointestinal series Avere said to have shoAved nothing 
abnormal.®^’ In 8 of the 11 cases in the literature the x-rays Averp 
rather similar to those in my case. 

The correct diagnosis Avas made only tAvice before operation.'*’ ““ In 
4 other instances it Avas SAiggested as a possibility along Avith others. 

In a fcAv cases the preoperative diagnosis is not given; in others numer- 
ous possibilities are listed. Tumor of the liver Avas suggested 13 times, 
hepatic echinococcus cyst tAvice, "liver disease" tAviee, tumor or cyst 
of the pancreas 9 times, mesenteric tumor or cyst 5 times, omental 
tumor 4 times, and adrenal tumor once. Eenal tumor Avas considered 
tAvice, mobile kidney 4 times, tumor of the gall bladder 3 times, hydrops 
3 times, cholecystitis tAvice, cholelithiasis once. OAmrian tumor or cyst 
was considered in 7 eases, uterine myoma in 1. Carcinoma of the 
stomach was suspected in 2 cases, peptic ulcer in 1. Other diagnoses 
Avere acute appendicitis, abdominal abscess, peritonitis, intestinal tumor. 

In 56 instances resection aa^s carried out. Only 1 of these paticnis 
died This patient had a tumor in the right lobe lateral to the gall 

I I dder in the peripherj' of the Ih-er AAdthout pedicle. During (ho opera- 

there aaus shock although comparatively little blood was lost, and 
h Cent died in eighteen boui-s." In all other instances resection aa-cs 
^ d d bv recovery! Tarious procedures Avere employed. In 23 eases 
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the tumor ^Yas pedunculated, in 8 of which, the pedicle was very large. 
The problem in these cases, even when the pedicle was very broad and 
thick, was greatl 3 ' simplified. When small, the pedicle was simplj 
ligated with a transfixing ligature and divided. With the larger pedicles 
several hemostatic sutures were necessary. Sometimes a 1' -incision was 
made through the pedicle to permit approximation of the serosal sur- 
faces. In one of the early cases Rosenthal,®" finding a sort of pedicle, 
placed an elastic tourniquet about it, extra-abdominalized the mass with 
a needle through the pedicle, cut through the pedicle ndth the cauteiy, 
and packed with iodoform gauze. In another earlj^ case, Keen,^- con- 
fi’onted with a large tumor in the left lobe, cut into the liver on both 
sides, thus making an artificial pedicle. Elastic rubber tubes were secured 
about its base as a tourniquet, iodoform gauze was packed below the 
tourniquet, and the tumor, tourniquet, and gauze were brought out 
through the wound. The tourniquet was removed some daj's later, the 
tumor excised, and the defect closed with skin grafts. In another early 
ease PfannenstieP® also made an artificial pedicle in a similar manner. 
He excised the tumor and sutured the cut surface of the liver to the 
abdominal wall, thus cxtrnperitoncalizing it. Beck® used rubber cath- 
eters over iodoform gauze as a tourniquet, extra-abdominalized the mass 
\vith hat pins through the pedicle, and removed the tumor. Israel’® also 
used a rubber tube tourniquet and silk ligature, bringing the tourniquet 
out through the wound. In the first reported case of resection Eisels- 
iierg’" utilized the cautery and pack. Another earl.v case in which the 
cautery and ])ack were used is that of Beck.* Smoley” used elastic 
hands as a touiniquet, mass ligatures, and the cautery. He then sutured 
the liver and employed no drainage. In the more recent cases such 
devices have not ordinarily been necessaiw. The cauterj’ has a definite 
place in controlling bleeding. In Eiselsbevg’s original case'® the operator 
lirM cut very close to the tumor mass and there was considerable blecd- 
intr. When incision uas made further out in the normal liver sub- 


stance, liicrc was much less bleeding. This principle of never cutting 
tbrongb the tumor itself but through normal liver ti.ssnc was rc-empha- 
sized by IToislcy.® Eckles’' found the nsc of rubber-shod clamps across 
the liver substance of consulorable help. Similarly, placing Kelly 
eiamps across the liver, as was done in mj- case, maj* be helpful. 
\ 'incisions into the !i%cr snhstanee or into a large jicdiele often permit 
a]iproxiii\ntion of the serosal surfaces where this would otherwise he 
impossible. Hnnoslntie mattress sutures along the cut margin of the 
liver are useful m eonttolling bleeding. Adequate mobilization of the 
h\ I r tiirouirb duisioo of the ligamentous attaebment to the diaphragm 
is an important aid. Temjiorarj* eomjiression of fhe hilar sfriietnres. as 


1 did in my ease, is \er\’ helpful in eontrolling bleeding. This maneu- 
ver IS idsj^i us« ful beiausp giasqfing the bilum between one’s fmgm-s per- 
nuts one to tUlivtc the lobe bitter into tbe operatiie field and to n- 
stu.t Us motion during tl,, r.s.,ti.m Altogeth.r tbe protd.m of r. - 
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tion was not carried out. The tumor was most eommonly palpated in 
the left upper quadrant of the abdomen or just below the xiphoid. It 
was found to arise from the left lobe in 30 eases, from the right in 18, 
from the spigelian in 1, in an accessory lobe in 1, in a ‘^ScJimirrlappcn” 
in 1. In 5 instances the origin was apparently from multiple lobes; 
1 tumor arose from both right and left lobes, 2 from the left and quad- 
rate lobes, 1 from the left, quadrate, and spigelian lobes, and 1 from 
the right and quadrate lobes. The size of the tumor was variously de- 
scribed; it was said to be the size of a prune, hazelnut, walnut, goose 
egg, gall bladder, apple, orange, man’s fist, fetal head, child’s head, 
man’s head, pregnant uterus. In 17 instances where actual weights 
are given the tumor, genei“ally in the collapsed state, weighed from 58 
to 2,500 Gm. and averaged about 900 Gm. In 18 instances in which meas- 
urements are given the size varied from 9 by 5 cm. to 32 by 22 by 9 cm. 
and averaged about 12 by 12 cm. In 23 cases the tumor was more or less 
pedunculated ; in 8 of these the pedicle was large and broad. 

In 12 eases gastrointestinal x-rays were taken. In 1 ease,'® in which 
the patient had had gradually increasing difSeulty in swallowing foods 
until finally no solids could be taken, x-rays showed considerable reten- 
tion of barium in the lower portion of the esophagus, and the patient 
was operated upon with a preoperative diagnosis of carcinoma of the 
cardia. In 8 eases the stomach was seen to be pushed over to the left 
or downward or to have an extrinsic mass pressing upon the lesser 
curvature, often lengthening the lesser curvature.-’ 

1 case^® the colon was displaced by a mass in the right upper quadrant. 
In 2 eases gastrointestinal series were said to have showed nothing 
abnormal.^’’ In 8 of the 11 cases in the literature the x-rays were 
rather similar to those in my case. 

The correct diagnosis was made only twice before operation.’*’ “ In 
4 other instances it was suggested as a possibility along with others. 


In a few eases the preoperative diagnosis is not given; in others numer- 
ous possibilities are listed. Tumor of the liver was suggested 13 times, 
hepatic echinococcus cyst twice, “liver disease’’ twice, tumor or cyst 
of the pancreas 9 times, mesenteric tumor or cyst 5 times, omental 
tumor 4 times, and adrenal tumor once. Kenal tumor was considered 
twice, mobile kidney 4 times, tumor of the gall bladder 3 times, hydrops 
3 times, cholecystitis twice, eliolelithiasis once. Ovarian tumor or cyst 
was considered in 7 cases, uterine myoma in 1. Carcinoma of the 


stomach was suspected in 2 cases, peptic iileer in 1. Other diagnoses 
were acute appendicitis, abdominal absce.ss, peritonitis, intestinal tumor. 
In 56 instances resection was carried out. Only 1 of these patients 
d This patient had a tumor in the right lobe lateral to the gall 
rdder in the periphery of the liver without pedicle. During the opera- 
■ there was shock aithough comparatively little blood was lost, and 
1 jjj eighteen hours.'*’ In all other instances resection was 
the pa len Various procedures were employed. In 2-3 eases 
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moved at ojjeration. An impoidaiit factor in all of these deaths Avas 
the spontaneous niptuie of the tjunor before, dnianfi. or after operation, 
or bleeding from tapping or incising the tumor at operation. 

Two patients iiave l)een treated rvith consideralde success with x-ray 
therapy, 1 had an inoperable tumor of the right lobe,'’' the other a tumor 
in the right lobe several months after a hemangioma of the left lobe had 
been resected.''^ 

Ill general, those patients iiho have undergone resection have done 
well. The postoperative cour.se has oidiiiarily been smooth and not un- 
duly long. Prolonged drainage has been unusual, and except in a few 
eases there has been no significant biliary drainage. The ultimate results 
have been good, most reports stating that the patient remained well. A 
number of iiatients uere entirely well when seen one and one-half to two 
ycais after operation,”- •' and Beck's patient Avas Avell ten years 
after operation.'* Siobner’s patient''*' had to have a repair of postoperative 
hernia 1avo yeais after resoetioii. but had been relicA'ed of the symjitoms 
of Avhich she hud complained. Perthes' patient,'* a 6-yeai--old gild Avho 
underwent resection of the entire left lobe, died ten months later Avith 
ascites and dyspnea. Antojisy permission Avas not obtained. In scA-eral 
otlier instances the entire lobe has been removed and the patients IniA'c 
remained AAell.”"' The patient leported by Xossen'’ A\as well after 
oiieration but died in tuo years of carcinoma of tbe rectum. At autojisy 
there were seen several angiomas of the Ha'ci*, and the author eonclnded 
that tliey must have been multiple at the time of ojicration As I have 
stated before, the patient reiiorted by Bazemon and Becoulx'" A\ns not 
lelieved alter (‘xeision of the hemangioma until she returned some 
months later and underwi'iil a eholecAsteetoni.A Two months after 
Morris' u-seeted a Immangioma of the left lobe the patient retnined w'ith 
a mass in the riglit lobe which A\as tieated sueeessfnlly with x-ray. My 
p.ttieiit has not obtained complete relief .Such difficulties A\ere few, 
liowe\ei. and most of the patients rejwrted in the literature A\ere a)>- 
paientl\ entirelv lelicAcd of their eom))laints b\ leseetion of the tumor 

sfAIAI \KV 

Hemangiomas occur moie commonly in the liver than in any other 
Intel iial oig.iii They aie usually small and asymjitomatic. hut oeeasion- 
all\ tliei glow to sufiiciciit si/e to cause sjmtitoins The disease affects 
females more often Ilian males It is found in all age gioups but is 
isptcmllv common in the thud, tourth. and filth decades. The symp. 
loins, olio r titan those of tlie tumor mass ilstdf or ahdoniiiial sA\elliiig, aie 
title to piessiiie on other ttig.ius l>\ tht' m.iss and Aai.\ Avitli thi' loe.-ition 
oi l!ie tnmor Ail loins of the Invi gi\e rise to these tumors, hut the left 
lobe mme commonly lluili the otheis .\honl otie-h.tlf llie Ji.itlelils willi 
ill manumma of the li\cr who seek suigieal .ml ha\e tlieir ,iii( niioti c.illed 
to the comhttoii l>\ the ptesince of a Iniimr ni.-iss or h,A eiilaigtiiunt of 
the .ahdomt n Tin. commoiust svmptonis whidi siihsi ipn jiIIa lierclop 
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section is not so difficult as one might expect it to be, and if cave is 
used the procedni’e is apt to be .attended b}' little hemorrhage. 

If should be emphasized that one should never cut into the tvimov 
itself nor even aspirate it. for such maneuvers have proved fatal on 
several occasions. In Leech’s ca.se'- the tumor was tapped; there was 
severe bleeding, sutures were ineffective, only fearing the tumor and 
causing more bleeding, and the patient died in two hours. irWeeney'" 
incised the tumor, which bled profusely, and although the patient 
rallied from the severe hemorrhage, lie died a week later of heraateine- 
sis. Ljunggreid'* punctured the tumor, and free bleeding resulted. He 
was able, however, to proceed with resection and recovery ensued. 
Cripps” also caused severe bleeding by inci.sion into the tumor but was 
able to do a resection, and his patient survived. 

A A’-ery real danger associated with hemangioma of the liver is rup- 
ture of the tumor. Dahle’® reports a case diagnosed erroneously as 
acute appendicitis in which a hemangioma of the liv'er had ruptured. 
At the time of operation theim was no longer any active bleeding al- 
though there was blood in the peritoneal cavity. The tumor Avns 
packed and recovery ensued. Tinkei''^ found an actively bleeding 
hemangioma of the liver in a patient who had right lorver al)clominal 
pain and tenderness. A resection was done and the patient recovered. 
Others, however, were not so fortunate. Karp^' liad a patient in rvlioin 
there was a spontaneous i-upture, who was thought by tlie family 
doctor to have a ruptured tuhal pregnancy. Because of a palpable 
mass the diagnosis Avas changed before operation to a cystic tumor of 
tbe liver. At operation the tumor Avms packed, and the patient died on 
the tenth postoperative day. Marckstadt^^ had a patient in Avhom 
there Avas spontaneous rupture of an hepafie hemangioma, diagnosed 
before operation as peritonitis; the tumor Avas packed at operation and 


the patient died in tAvo days. Pozzi’s patient,'" Avho had a spon- 
taneous rupture of a hemangioma, died tAvo hours after exploration. 
Preund’s patient'®' apparently suffered a spontaneous rupture during 
the exploration and died in one hour. Hammei'-' reports the death of 


a 7-day-old infant Avhich Avas apparently due to a spontaneous rupture 
of a hemangioma of the llA-er, and Kissinger and his co-woj'kers" report 
the same accident in a 3-day-okl child. Lcflaivc''’ desoribe.s another 
ease of a patient avIio had apparently bled from a hemangioma of the 
liver and at autopsy Avas found to have peritonitis. Several other simi- 
lar avitopsy cases are mentioned in tbe literature."- 
/ From these experiences it is evident that spontaneous rupture of a 
hemanffioma is a very real danger, that such tumors sIiouFd never he 
trmised^or punctured at operation, and tl.at if bleeding from a hemangi- 
omn occurs, better re.sults may be expected from i-csoctiou tl.an from 


packing. single death in oG c.iscs in wliich rcs-cction was done, 

] deaths among the 11 ea-sc.s in wliieii the tumor was not re- 
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aie uppei’ abdominal distress and gastrointestinal complaints, and such 
complaints initiate llie illness in almost one-Iialf the patients. These 
sjTnptoms are such as to make one think first of some chronic gastric or 
duodenal lesion, but almost invariably by the time the patient presents 
himself for operative relief a tumor mass has become palpable which 
alters the diagnosis. In some patients the symptoms simulate biliaiy 
tract disease ; in others the.y are more suggestive of an ovarian or uterine 
tumor. Spontaneous rupture of the tumor sometimes occurs, and this 
carries with it grave risk. 

The correct diagnosis is difficult to make before operation. A mass is 
generally palpable and can ordinarily be identified as arising from the 
liver. There may be nothing characteristic about the tumor. Unusual 
compressibilitj^ or the presence of a bniit over the mass should make one 
suspect that the lesion may be a hemangioma. Sometimes a history of a 
peculiar buzzing or whirring sensation is of help in establishing the diag- 
nosis. Gastrointestinal x-rays are frequentl3^ of considerable aid. Most 
commonlj’- such studies demonstrate an extrinsic mass pressing upon the 
lesser curvature of the stomach, often lengthening it, and sometimes dis- 
placing the stomach dowuiAvard and to the left. 

When the tumor causes sjmiptoms or presents a large asjTnptomatic 
mass, the treatment is resection. This procedure is ordinaril.v feasible 
and can be carried out with relative safet3^ One should never incise or 
aspirate the tumor as uncontrollable bleeding may occur. If there is 
bleeding from such a procedure or from spontaneous rupture, resection 
is preferable to packing. The postoperative course is ordinarib^ smooth 
and not prolonged, and the end results are good. 
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SPLENBCTOilY 

A ^Iethod or Mobilizing the Spleen in the Pur^sENCE of 
Dense Adhesions 

J. D. Rn-ES, New Orleans. Da. 

(From Ihc Drpnrtmfnt of Surgery, Louisiana Stale University School of MedteineJ 

T he difficulty of removal of the spleen is directly proportional 
to tlic extent and density of tlie adhesions about it. Those hands 
near its anterior margin may be readily ligated and divided, but those 
posterior to its long axis cannot be properly visualized and must be 
torn or divided blindly. The mo.st practical and most widely employed 
method of dealing with this difficulty is that popularized by ^Y. J. ilayo. 
After all acce.ssible adhesions have been ligated and divided, the remain- 
ing attachments arc rapidly torn with the hand, the spleen is delivered 
into tlic wound, and the bod from which it has been lifted is (juiekly 
liaeked with very hot, moist gauze (Fig. 1). This is a very satisfactory 
method in most instances, but the adhesive bands u.snally contain large 
veins, and furious hemorrhage oceure and continues until the pack is 
in place and the siilenic pedicle has heon soeured. If the adhesions are 
tougher than the ca]isulc of tlie .spleen, as is often tlie ease, deep laeci’a- 
tion of the organ occurs and another .source of jirofuse bleeding is added, 
rntil the spleen is comidctely delivered, neither packing of its bed 
nor control of its pedicle, winch is the only effective method of con- 
trolling bleeding from the spleen, is practicable. Consequently, if the 
mobilization is not carried out rapidly, the hemorrhage may in-ove fatal 
l)efore it can be controlled. 

The adhesions may be extremely toiigh or thei-e may be an almost 
com)ilete fusion of the visceral and parietal iK-ritoneum, either of which 
conditions may make it inqiossible to deliver the spleen i-ajddly by the 
usuid method. M(vst authorities agree tliat under sueli circumstances 
it is best not to attcnqit splenectomy, and not a few surgeons, including 
mysdf, on at least one occiision have realized the wisdom of this view 
aftt'r it was too late. 

Several procediu-i's have been jn-oposed for solution of the diflictdty. 
Uauz and othei>. have s\iggcsted ligating the sidenic artery and leaving 
the .s])leen ill place when removal is imjiracticable. Szendy ligated tlic 
entire pedicle ami iiartially exteriorized and eviscerated the sjilccn. 
after wliieh he jiacked the capsule tightly with gauze. Obviously these 
are more or less unsatisfactory .substitutes for splenectomv. 

hour years ago when confnintcd with the jiroblem of removal of a 
Sl>leeli. tile convex surface of which was com)iletely fused with tile 
)iariel.'d j'eritonenm. 1 d\'visisl. Auider the .spur of necessity, a method 
^»t moliiliz-'it ion nhieh has proved to Ih^ of distinct wdiu'. 

Hr. .ivr.i (,.r eoMi. ,ti >n. M ,> ;>•. inj 
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Procedure . — Any one of the incisions commonly used for splenectomy 
may be employed. Jly own practice has been to use a long, left mid- 
reetus hochej^-stick incision which lias ahvays proved to he adequate. 
After the abdome^i is ope 2 ied, all accessible adhesions are ligated and 
divided. The anterior border of the spleen is retracted medially and 
the lateral margin of the wound is retracted laterall}'. This develops 
a fold of parietal peritoneum along the line of the attachment of the 
adhesions. With knife or scissors the peritoneum is divided just anterior 
to this fold, the incision extending the full length of the attachment 
(Fig. 2). This maneuver opens the relatively avascular areolar tissue 



Pig Condition after mobilization of uplccn by ii.mal method. 


nlane between the peritoneum and the tran.svcr.saJi.s fa.scia. The hand 
Vtben inserted into this plane and the di.ssoction is rapidly c.vtcnded, 
« f r^ncteriorlv and then medially (Fig. 3), freeing the spleen from its 

Td TiIU.f i. onto 

bed an . tlie posterior layer of the Iicnorenal Jigamenl 

parietal pen ve.s.scl.s in the adhesions course within llie 

(Fig. ■!)• ^ spleen and con.sequenlly arc not injured. 

structures removed vu'i 
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tiian two or three ^ assets siiould be included in each groxip, for centially 
loeated vessels in large masses of tissue are likely to retract through 
the loop, thus loosening the ligature and pennitting it to slip off. The 
gastrasplenic and the lienorenal ligaments are ligated together (insert. 
Fig. 4). This is simpler than handling the two .separately and ho.s the 
advantage of preseiwing the integrity of the lesser peritoneal sac, which 
prevents adhesion of the posterior surface of the stomach to the raw 
surface that has lesulted from mobilization of the spleen. One mu.st 
he very cai'cful, of course, to avoid including a portion of the greater 
curvature of the stomach in the ligatures, an accident which may easih 
occur if the gastrosidenic ligament is vciw short This is most likely to 



lU Untur* <»f nlf Not*' til'll lh<' extern wurrar* of lljf 

P'rttrn»vini H i»n «urf<o*» of th< ‘•[tlirn 


iti-ciir at th( iippci m.iigin of the g.astios()h'mc ligament wheie the \.is,i 
hu 1 la aie ofidi e\t!,iiu'l\ slunl After the pidiele is (Miefnll.' m- 
s(iici(i! till lil(<iling pdiiits and for injury to tin ji.-mcieas m 
siiniMch. ii is in iht ahdominal eaiiis hni is not fivKl h\ 

Mtttitis It h.is he. 11 ,„y (\]M,i,nee that th.> lig.ite.l j.ediele hes nat- 
ttt.dlj in tin <1. sind I'osition and lh.it attempts to .suture it m pl.ne 
•ir. not ..nl> unm.ess,,rv km a,., hkilj to ..ins.- r. n. w. d 1.. umt rli.ig.- 
ir..m tin J...J 1 .-I. dm- to pmietin. of tin dispnd.ni m ms i,v tin- m..]]. 
ti-.d n. Miturmg Tin t.m.nnmg i.iw surf.me, nhieli rn.u h. quit. 
(VtiiiMi,. 1, f.,-,.r.d In ('ll ojiniitnni. whn-h is tnii,..l uj. m.r tin 
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There is no danger of laceration of the splenic pulp, for no tension is 
applied to it, and it is protected from the dissecting fingers by two 
layers of peritoneum. The procedure is easilj^ and quickly executed, for 
usually no fibrous bands are encountered. If bleeding from the denuded 
surface occurs, it is usually moderate in amount and is readily con- 
trolled by hot gauze packs. From this point on the operation is carried 
out in the same manner as if the spleen had been delivered by the con- 
ventional technique. The splenic pedicle is no^v completely exposed on 



-K.;?: 5s;s3:i.. 

sser'peritoneal cavity. 

The tail of the pancroa.s i.s identified and .separated 

■om Ihc prfKlc ^ I,,,,,,.,. ,l,„ ]„rp' 

edicleistben ton ■ hiil lo jirevent eiitlmg 

ize being .selectee i ilie liualures 

iirough the very r. foreep.s (Fig. '>)• 

erough the pedicle b> mta • 



RI\ IIS : SPLCXKCl OM \ ‘ 

Hum two or three ve.ssels should be included in each irroup, for eentrally 
loeated vessels in lavffc masses of tissue are likely to retract through 
the loop, thus loosening the ligature and permitting it to slip off The 
gastrosplenic and the lienorenal ligaments are ligated together (insert, 
Fig, 4). This is simpler than handling the two separately and has the 
advantage of piesorving the integrity of the lesser peritoneal sac, which 
])re\ents adhesion of the posteiior surface of the stomach to the law 
surface that has icsulted from mobiliration of the spleen. One must 
be very careful, of course, to a\oid including a portion of the greater 
curvature of the stomach in the ligatures, an accident which may easily 
occur if tlie gastrosplenic ligament is very sliort. Tliis is most likely to 


III , P'llW. N'ot/- tail Um .xUrnil mrfnco of Iho inH. tnl 

i.(vtir at tli(> upi>m laaigin «f the gastiospUmic hg.umml wheic the \.is,i 
hl.M.v ate ott.n estlenuU sl.ou Aftei the pedicle l^ e.iiel'nlh m- 
sp. eti.l fill 111. eihiig iioinis and for in.piry to liie lumenas oi 
Nl.mi.qeh It IS teplnud ni the abdominal eaviu hut is not fised b> 
sniiiies If has hull m> ivpeii.mv that the limited pedieU- las nat 
ur.Uh lu tla dismd posUh.n and th.it attniipK to .sutme n m pla.-e 
.0, noi onU unm,<s..-n> hut ai< bkeh to ,.nise luawed lamonh.ige 
In.U, 1 .e pidleh. dm to pmatme of the dlslnided xeins hy the m.dle 
u-.d m suturnm- Tn. i.mtmmg lav. surfaee. uhie), ,„'n he ouit< 
.Nti'isivi, ,s .o\.i,.! h> fU. um.ntnm. whieh ,s tuuad in. .n.r tla 
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colon and permitted to lie in tlie splenic fossa. Tliis may be unneces- 
sary because the adliesions that would result if this area were left un- 
covered W'ould probably not be more extensive than those that occur 
after a splenectomy during which extensive adhesions ha;"c been forcibly 
torn with the hand. I have seen many examples of the latter that showed 
no evidence of disturbed gastric function postoperatively, although it 
is certain that the fundus of the stomach must have become firmly ad- 
herent in the region of tlie denuded surfaces. This portion of the 
stomach has onl.y slight motility at best and fixation by adhesion.s 
probably intei'fercs very little with its function. 

SUMMARY 

A procedure is described that makes splenectomy feasible and com- 
paratively safe in instances in rvhieh the operation would be impossible 
bj' conventional methods. 



WELCH BACILLUS INFECTIONS ABISING FRO:M THE 
STOMACH AND DUODBNmi 


^YILLIAM C. Quixx, M.D., Jere W. Lord, Jr., il.D., akd 
Leo .T. Wade, JI.D., New York, N. Y. 

(Frnm the Dfpnrtmrntx of Surgert/ and Pathology of the Aeii' Yorh Hospital an> 
Cornell Vnirmity Mnliral College) 

W ELCH BACILLUS infections of the i)entoneum and abdomina 
wall have been observed relatively frci(uently as complications o 
lesions of the lower intestinal tract.’ On the eontrarj', lesions of th 
stomaeli and duodenum liave rarely given rise to serious infection wit! 
the BadUus wclchii. A recent ea.se observed on the Surgical Service o 
the New York Hosjutal led to a r-eview of the literature for all cases o 
Welch hacilltis infections secondary to lesions of, and operations on 
the stomach and duodenum. Twelve such cn.ses were found in the litera 
ture, and to tliis grou]) two new cases are now a<lded. 

A brief review of Case 1 is given here, but a complete description o 
tiiis case is given in a preceding paper.’ 

C.^SK 1.— 0. fi. (2.)S0it2 X. Y. U.), a ,">2 yonr-oM Ppaainnl, ^\ns mlmitted to th 
ho-pital in Folinmry, liMO, with a four montlts’ hi‘itory of tiMominnl pain, Tmnset 
\oinititis;, amt Inter ehill'- nn<i fever. I’h\>ival examimition rcvea1e<t an acutely an 
eiironii'ally ill man who !<howe<l iiiarkoil eviilenee of weight los>-. In the epignstriur 
a teniler W!i« palpateil lietow ii niotlorately enlarged liver. Following prej 
nnition with ailiHjiiate fluiiK, an inei.«ion and draintigo of an nl>«(‘C"< of the Icf'c 
IMTiloneiim «ai carried out. Culture of the pus yielded a pure growth of P. trclehi 
l’n«lojrfTati\cly the patient de\elope>l gu'. gnngrimc of the tdtdoininal wall wide 
rc'pnnded to inci-ion and drainage with adequate dehridoinent of tlie involved ti‘:'=u 
and the local application of rim- j>ornxide. .'S\iIfanilaniido and sulfapyridine wet 
U'-im! concomitantly with the ahove trimtment. Tlie ga>! gangrene of the ahdomint 
wall wa“ under contr<d within four day*; however, the patient course wav .'lowl 
downhill and he expired on the forty third ]( 0 «lojaTnlive day, 

/'iHt.yfor// n /,'Toeuantiftti, — .\| ]Hj>t laortem (!'!'t2), a nmcinouv carcinoma of th 
pancrcav witli extciivion into tlie dmalcnum, ami with jH'rforation and invasion e 
a iltverlmnium of the vp,],j.ich re*»ulting in a perforation into the iev^er jicrilonet 
cavity wav found. In addition. Iticre wav n direct exteiivum of the intlaniinator 
pr.v,.v, ii,?o tlic liver witli the formation of multiple large nhvcevM'-. 

.\ vccntid eiivc «)f B. inlrhii hifeclitm tif tin' pcritimcum followed .n 
opernliotl oil the vtoimieli. 


I 2 . .s. )!. X. V. !I.^, a tthit,. man, aged .'g years. wn« adniillc 

to tic 1 itai in .loij, 1057, „;,1. ., ni,.nlh«’ hivinn of .ymptoaiv attrihutah 
III a gi'trK uli-cf. >oll.,niiig lie uvual pteojK-rativc pti paratinn, tiie patient wt 
•aliov-v-! a It, It,,,!!, u tyj- »f v-il.t,.:.,! gavtric tc-ccti.,n. and .a large gn.-.r 
1.1 c., wl .. I a<t Jv t iT.to till tody of tic jiincrri«. o:., rcaovcl. f)u li 

fO"! ilvv after .j jtc t. ..I ..t 1.1 . . 




QL'iNK rr Ux . wuxii n\ciu.L‘' ivincaioNs 


231 


j^s in tiie pentoni.il taMtj and large amount*, of pu*- anil pancreatic juice eseap 
mg througli tlic wound. Ji. ncWiti, B colt, and cntcrotocci were recovered on 
culture on two occa'uon'* The patient's loursc w.is rapulU downhill and death 
occurred on the fourth postoperative da>. 

I’oitl Vortem Txamimtion — At postmortem (S0S7) a fi«tulous opening in the 
center of the wound was found to eommumcate with a loialized absce=s; on more 
eictensive investigation tins abscess vv.is found to lie onlv one of several collections 
of pus m the peritoneal cavitv, cultures of vvhieh grew B. irelcfiu and B colt. 
Careful inspcf tion and gentle pressure on the lines of suture of the gastroentero= 
toinv ( iu«ed the C'Cajie of gastrointestinal <ontcnt« The loops of bowel were 
loosclv held togetlicr bv fibrinous adhesions There were focal area® of fat necrosis 
of the pancreas 

insru'sSiOK 

'ruble 1 sviinmari7es 12 eases fiom the litcraUirc in vslneh gas bacillus 
])ciiUj!iitis 01 g.as g.mgicnc of the abdominal nail hate been major com- 
plie.ilioiis in lesions of the stomach and dnodcmim. Nine of these eases 
li.ui siKmljineons pel foialions. while in 3 the eompheation oeeinicd as 
a lesull of gastiic smgery. 

'I’licie undoulifcdlv have liccn man\ otiicr cases whirh ncvei have been 
leimited m the lilciatuic, but the fact that such infections aic so few 
IS not sui prising, eulUucs taken fiom the slomneh or duodenum laicK 
show II vrlrhii; wlteieas. lliese oignmsms aic common liahitnnts of the 
lowd poilion of the sinaii intestine and of the cntiic huge intestine''’ 
Welch haeillus nifeotums aiismg fiom the stomach and duodenum ate 
nlmosl unuedsallv fatal In the 12 eaves leviewod above, leonveiv iv 
lejMiited in onlv 1 ctiso. llie etise of Ehavon, Eih, and (iilhcil In tlii'ir 
e'.ive mfielimi of the abdominal wall followtel resection of a jieptie ulier, 
but no di tails aie given .as to the pathologic pioecss or the tbeiapv 
rie.ntineiit of tlie unde living Welch b.ieillnv juntonitis roufmnis to 
lilt usual Ibn.ipv foi generab/eil peiitemitis, in addition gas baeilUis 
anlisinnn ami one of the snlfonanuele del natives should he used If 
th<n IS nn assm i.Ued g.is g.ingume of tlie nhdominal wall, we believe 
that 111 nthiuitin to the .'ibove theiapv, ndi'iju.ite incision and eliainage. 
th ftiuh im lit and the use of /me peiovide loe.illv aeeoidmg to tho teeh 
ni(|m of Mihmv tind .lohiison’* should be e.iiiieel out 
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GAS GANGRENE OP THE ABDOillNAL WALL 

William C. Quikn', M.D., Jeke W. Lord, Jb., W.D., and 
L r.o J. Wade, W.D., New York, N. Y. 

(From the DcpartvH'nts of Surgery ant! Fathohyy of the Xrir York l[o.\piia! and 
Come!! Vniversity Mcilica! CoUcgc) 

A SERIOUS and mueli dreaded complication in surgery of the gastro- 
intestinal and biliary tracts is gas gangrene of the abdominal wall. 
Fortunately this is a relatively infrcipient complication and occurs less 
often after operations on the stomach and duodenum than after those 
involving the lower intestinal tract. We have recently had the oppor- 
tunity to study a moderately extensive Bacillus tvclchii infection of the 
abdominal wall which followed operative intervention for perforations 
of the stomach and duodenum. The rarity of this condition and the 
result of theraiiy in our case, wc believe, justify reporting it in .some 
detail. 


Casi. 1. — ft. Cl. (it.tsatli X. V, Jl.). a .">0 ycar-olit Spaniard, was admitted to the 
Sarpeat Situi'o of tlie Xew York Hosjdtat on Keli. ‘-2, liMO, complaining of mulai‘c, 
alidoaiinal pain, nau'ica, and \omiting. 

I’rttmt Ittnt.w . — roar months before admi-sion the patient firat noted epigastric 
pain of low inten«ity occurring in short paro'cysiiml attacks, and two week.*- later 
e'cpericnccd a chill followed bj fe%er, severe epigastric pain, nau>en, and vomiting. 
He wa- ho-pitalircd at that time m anotlier hospital, where a moderate anemia and 
laclcna were noted, but liccaii'e of negative gastrninte-tinal x ray studies, he wa.s 
dis<tiargcd without treatment. The alidoiiiiiv.il pain which was <lull and radiated 
latiTallv into the iipjier qnadnmts and which was a"Oeiated with nausea and 
loimtiiig continued during the following two iiioiiths. .\nurexia, obstipation, daily 
feier, loss of weight, and several shaking cluU' vveie prominent features during 
the two months prisosbiig admission, 

I'hyncnl /iJ’oaiiniitioii.-.-TIie patient was a thin man who gave unmistakable 
ev oleine of coiisidcratde lo-- of weight and apjs'ared tmth chronically and acutely 
ill. There was relative duUne-s to percussion over the right chest below the fifth 
rib ]wi'ti‘riorIy and in the ajalla with diiiiiiiiition of breath sounds and of tactile 
freioitiis over the s',no> are-i. The epigastrium apjs'atvsl full and palpation re 
vcaled an ei,|ui«tlcU t, ndcr mass in that region. The edge of the liver evterided 
two nngerbusiilths Is’htw the cosird margin in the right toididav icui'ir line and was 
VI TV tinder to pr<*«!iri'. 


/sihor.ilnrv findi.i,;, _ While the urine on admission was foiiinl to contain a 


!■ isierate aoocint of 
I IS V t* s nnd granuhir 
1 l.t* <110 js r Dm t r 


TillnjtTiin, itJ* «»• I rrv |»olvnuir|jlif»nu«*)f'rjr !<*u 

Ci'-t.. sul.s.sjui-nt «is., -miens were ch-'ir. The heinoglcddn wa« 
. nsi tdeisl I ells. I million i«>r ■ entiim t.-r ; white blood cel!-. 
I.'i; ]h»ii.-i prothronduii. .V: j- r c at of normal; Mood culture, 


Co-ir..^ .i-.J rrr.rlsei.f, s!-ol|„„mg robq.nti- adr.iiu.tiation of par.tdera! tl'iiib. 
tt e 1 1 } an , I V , , js-’fiiimi 1 tan. ugh right tis’tus ireis-nn on the third dav 


fe'-l.. t ( f t ’ -itl w. M III Jl JS|J 
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carcinomsi, ob\iou«ly of ji.inproatu' origin. Tlie stoniacli "all "a*- im.aded onh at 
(he tip of tlio (iiicrtii'uluai-liko potkpt. Ko tumor cell® 'fere found m the liver, 
hut there "a"! a nia'.siie ile=tnietion of hepatic tell": "ith ahtcO'= formation. The 
jiortal .area*: nhieh nerc e\ton«i%el\ infiltrated hy plasma cells and Uanphoeyte« 
“honed no inflammation of the biliary duet® while the liver cell® contained large 
quantities of jellon pigment. Xo evidence of gas gangrene na® present in sec- 
tions of shin and muscle taken from the edge® of the wound. 

/>mc?)if)siv. — ^MucinoU" carcinoma of the pancreas with advanced fibrosi®; exten- 
sion of cateinonia into the ampulla, of Vatcr, into tlie duodcmim with perforation, 
and into the le®®cr peritoneal eavity; invasion of the tip of a diverticulum like 
pocket of the stomach hv tumor with perforation into the lesser pcritone.'il cavitv ; 
hic.alized peritonitis with extension of infliiminatorv process into the liver; forma- 
tion of mnltiple large ah'cesscs and massive neero®!® of the liver; wounds of 
lapurotoniY for ilraiinge of lessor peritoneal cavity with sinus tract info tlie liver 
and lesser jKiritoneal cavity; granulating wound® of ahdominal nnd thoracic wall 
( }l. 1C cl elm infection of ahdominal wall); jaundice. 

In 1934 Oit' colloctetl all reported oases of gas gangiene of tlic ab- 
dominal wall and found only IS which he eonsidcred acceptable; to these 
lie add(“(J .3 eases of /lis own, all of which were secondary to operations 
on the intestine and in all of which the patients died. In Jiddition to 
()rr‘s series. 1 other ease was found reported hy Dou'glas in 1931." Since 
Oir'.s lejiort .30 additional cases have been deserilied in the literature, 
hrin'gin'g the total to 52. Table I gives a summary of the pertinent data 
eonceriiing these 52 eases. 

Resides the ease of II. irelrhii infection deserihed at lenglli above, 
tliere have been thiec eases of gas gangrene of the abdominal wall at 
the New 5oik Hospital in the jiast eight years. Tlie liislories of the 
llirrc' additional eases arc' .•m follnwc,- 
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after admission and appio.xiniately 200 c.c. of pale greenisli gray purulent mateiial 
■'ras drained from an abscess of the lesser peritoneum. The uound uas closed 
around drains rvith through-and-thiougir silver uire sutures. 

Pollowing operation the patient became jaundiced and developed a bronchopneu- 
monia of the left lower lobe uhich nas treated nith sulfanilamide and sulfapyridine 
from the second to the seventli postoperative days. The woimd continued to drain 
moderate amounts of pus which, like that drained from the abscess, jielded a pure 
cultuie of Ji. welolm. On the fifth postoperative day a dift'use er_)theraa of the 
skin over the upper abdomen and lower thorav appeared, the aiea involved being 
extremely tender and crepitant. Countei incisions vieie made at tiie lateral and 
superior borders of the inflamed area and the nound nas laid open, exposing the 
liver and the transierse colon. Local applications of zinc peroxide, as recom- 
mended by Meleney and Johnson,is nere used and uitliin four days there nas 
marked improvement in the appearance of the skin of the abdominal wall mth 
decrease in redness, tenderness, and crepitation. No recuiience or spread of the 
infection occurred, although the noiind itself continued to drain pus containing fi. 
welchii. In spite of the improvement in the abdominal wall infection, the patient’s 
course was slowly but progressively donnhill and nas cliaiaeterized by spiking 
temperature, chills, jaundice, and tenderness mci the right lower thoiax. Meth) 
lene blue, administeied orallj', nas lecoiered in the drainage from the noiind m 
less than eight hours. Sulfapyiidine on the thirty-sixth to fortieth da.\s after 
operation had no apparent effect on the condition of the patient, and on the 
foity-third postoperative day, pus was aspirated from the liver. A small incision 
into the liver revealed a large abscess canty which was drained, but tin's procedure 
was of no avail and the patient died nithin three hours. 

Post-mortem Examxnation .- — The autopsy^ (9942) was performed two hours after 
death. In the epigastrium and right hypochondiium, a large grnnuintiiig area 
surrounded by normal skin was present. A smnU ostium, from which jiiiiiilcnt 
material could be expressed, lay in the center of the granulating wound and com- 
municated with a sinus tract which extended 9 oi 10 cm. into the liier. The 


peritoneal cavity contained 500 c.c. of clear, bile stained fluid. The tiansror.-'C 
colon, stomach, gall bladder, and luer were loosch adlieient to the anterioi ab- 
dominal wall and to each other, while the peritoneal .--urfaces elsewhere were smooth 
and shining. The liver was large (2,500 Gm.), fluctuant and its external snrfarc 


was pale red brown .and corcred by fine flbrrnons adhesions. The sinus tract ex 
tended into the substance of the iiroi whore it was rn communication with nnothci 
tract xvhich extended into the lesser peritoneal canty. In communication with 
these tracts were many areas in whicli the luer substance was completely destrored 
and replaced by .abscesses containing rory foul green pus (P. lacli-r arrof/titcs, JI. 
welchh and nonhemolytic Streptococcus cijmogrnrs). The bili.arj- ducts were p'llcnt 
and there was no evidence of thrombophlebitis of the portal rein. The pancica- 
was replaced by alternating areas of gray niiicinoiis material and evtrcmch hard 
t " mass. Direct e.xten«ion of the tumor tissue into the ampulla of Voter and 
tlTadiacent duodenal wall had brought about a perforation 1..) eiii. in diameter 
•' t-' nerior to the papilla xrithout cau'ing obstruction to the lion of bile. The 
JUS ostendeil upward into the lesser peritoneal rnnty where there was a 

tumor 11 y^jyiation of the same inncinoiis material and pus (I! rnU rommui'is, 
localized acc • iionhemoh tic Sir. rumogenrs'). A small dnertiMihim 

77. pyocyancu , ‘ curvature of the sfonmeh was perforated ami extended info 

like pocket on i peritoneal «nc. Tims, the stomach, diindeniirii, iind bier 

the abscess o .-p,, nitk the abscess of the Ies-e>- peritone-il i-mti; ihrmigli 
were in the ribsce«« commnninfod with lie- alslomins! v.'di. 

the sinus tract in Sections of the fnncrcas cont-iim'd fn-d iilils of 

Microscopic Pxnmin of fh*' rein n<hxiiia wns n oIsm d hi no ii ms 

apparently nornml W- ^ 
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Cask -5. H. I'. (Sn-Jjj N. V. H.), •••• 42-year-ol(l ■l^llito «oraan, T\as admitted to 

tlie liospital complaining of craniplikc abdominal pain, fe\er, and nreakness. 

Patt Jlistort), — In 15135, following a fi%c-dny history of obstipation, abdominal 
cramidiko pain, and distention, the patient was admittcil to the hospital where an 
obstructing carcinoma of the sigmoid was diagnosed and remorcd following pre- 
liminary colostomy. An end-to-end anastomosis of the colon was carrio<l out. 

J’rr'mf Illness . — The i»aticnt remained well until August, 1040, when she was 
admitted with the histoiy of increasing constipation, abdominal cramplike pain, and 
weakne-s for two months. 

Phiisiral Jliamination. — This rcrealed a chronically and acutely ill woman who 
had a hard, tender mass in the left lower quadrant extending from the left mid- 
axillary line to the middle of the abdomen. 

/mhorntoci/ /'itidtafis. — Hemoglobin. -1.9 Gm.; red blood cells, 2.&; and white 
blood cells, 21,700. 

Course niul Trf at On the j-eronth hospital day an exqui.sitcly tender, ery- 
thematous area developed in the left groin. Following the application of hot wet 
dressings, nn incision release<l 10 c.c. of foul-smelling pus containing gas bubbles, 
t'ulture of the jais rc\c.ated It. lulrhii, 11. I'oVx, and a beta-hemolytic streptococcus. 
Within the next two d.aj.s the infection spread nipidlv to invade the abdominal 
wall, extending to the midliiie, to the co-tal margin, to the left flank, and down 
to the middle of the left thigh. Crepitation, marked tenilerness. and a pinkish red 
color of the skm were pron\incnt features. The patient wa.s taken to the operating 
room where multiple incisions were carried down to the deep fascia which was 
found to be undergoing li(|uefaction. A jioint of perforation was found which 
extended to the tumor mass in the region of the descending eolon. I’ostoperntivcU 
the woitmi was treated witli hourly irrigations of hydrogen jicroxide througli 
Dakin s tuhes during the day and eneh night with rine peroxide dressings. Within 
reven dii,vs the wounds were eiilireU dean and tlierc was no fiirtlier spread of the 
infn'tion. However, the patient’s general eoiirse was domiliill and slie died on the 
twentv fit'l iio'tnjii'rntivi' dav. 

/’««tinort,m lolo:! X. Y. H.l. ;i recurrent carcinoma of the 

js-lvic colon vvas foam! with extensive necrosis -md generalired ribrinnjninilent !>eri 
tonilis lliere was o nioderate degree of fattv degeneralion of the bier. 

IHSrus.-^ION 

AltlunigU ^^^‘lell liiieilltis infcetitm of the alulomutnl wnll may eompli- 
ctilc tiny opei.-tlive lu-oeeilure. it most i-oiiiimiitly follows stirgiejil iuler- 
veiitmn lot stipinirativo appemlieilis or for intestinal olistniction. In 
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t]ie intestines were fieed and an enterostonij cained out. The enteiostoinj tube 
began to function ten hours after opeiation and the patient passed feeal material 
by rectum. Eleven hours after operation the temperature rose to fO 1° C per 
rectum with a comparable rise in pulse late. Examination of the opeiative wound 
revealed extensive gangrene of the edges with maiked tenderness and crepitation 
Smears and cultures revealed the presence of B welclm, B colx, B, lactts aerooncx 
and enterococci The abdomen was markedly distended and diffusely tender. De 
bridement of the abdominal wall was followed by iriigation of the wound with 
hydrogen peroxide; prontosil was administered intraniusculailj and intrai enough 
The patient's temperature rose to 41.8“ C and in spite of therapj she died in 
coma sixty hours after operation 

Postmortem ExaminaUon — The examination (9014 N. Y H.), two hours after 
death, revealed everted, necrotic holders of the wound with a fibiinopurulent exu 
date at its base and 100 c c. of thin, fibrmopui ulent fluid in the peritoneal c.nitj 
with loops of bowel looselj adherent to one another In the jejunum, ileum, and 
ascending colon were manj areas of submucosal heinonhage and edema, while the 
mucosa of the colon was thick and xehetj’ An aiea of ulceration in the jejunum 
had a neciotic center which extended into the niuseulaiis. The inflaniiiiatoij pioccs'. 
involxed the entire bowel wall including the serosa 


Case 3. — C A (225746 N Y. 11), a 72yeai old man, was admitted to the 
Surgical Senice of the New Yoik Hospital complaining of pain in the abdomen, 
cramplike and worse in the right lowei quadrant, of two weeks’ duiation Moderate 
anorexia and mci eased fatigabilitj had been noted but theie had been no change 
in bowel habit 

Physical Examination — This leiealed a dome shaped abdomen in which loud 
borborjgnu could be heaid with each bout of cramplike pain, in the light lower 
quadrant there was a haul, lound, immobile mass which was not lender. On 
rectal examination a fliiu mass could be felt o\er the piomontoij of the «i(ruin 
and the prostate was appioximatelj tiuee times its usual sire. 

Course and Treatment — A flat plate of the abdomen gaie eiidencc of marked 
distention of the intestine and stomacli, and x inj ex.imination following barium 
enema showed an obstructiic lesion with an iricgulai filling defect of the sigmoid 
On the second hospital daj a laparotomj was peifoimed thiough a right JlcBiiniej 
incision and an abscess was found cuiitaining fecal as well as jniriilcnt material. 


Two perforations of the bowel, one of the ileiiin .mil the other of the cctiiiii, con 
nected with the abscess The hard wall at the site of perfoi.ition was biopsied 
and found to be carimoiiia The absicss jiocket w.is diaiiied On the second 
postoperatne daj the boideis of the wound were iiidiirattd, i repitaiit, and tender, 
and culture of the wound reiealed B. uclchii and nuineioiis other organisms '1 he 
lesion spread rapidh, iiiiohing the entire trunk .is high as the iiiidtliornx, and 
the left thigh down to the knee The tem|ier.ifiire leiimined bilwoiii 'Pi and Id” f 
per rectum and the patient expired on the fourth postoper itiie da\. 

Postmortem 1 xamination — (9670 N. Y. HI, a deeii ])iirplish nil disiolori 
tion of the skin with indiir.ition and eiepitiis extended from the iiiidtiiorax to '' 
cm below the left p itclla, and B urhliu, B toU. .Stnphulot m i oiiniii. and fii“i 
form bacilli were cultured from the lesion of the abdominal will Tin iiium, 

1 urn sigmoid, colon, and urinarj Id iibh r wire .ill liriiili adlieri at to oiu anolln r 
• '^'l t'lerc were two perforations m tlie w dl of the howrl just iiroxmml and disl d 
t”' the ileocecal inUe The ndjatmt will was iba ki m d and infdtral.d bi tumor 


tells The perforatio 


were in diris-t inmiiiimn itioii with a liKidi/id pinioned 


I 1 turn was dr lining frulj fliroiigb llie abdoimii il wall In thi 

abscess w 111 1, , mlitlower growth i im m dnim l. r, tin mirfoi of wlm'i 

sigmoid coon " , t it. rliki d. pr. -mn who Ii hid j-rforit. 1 nr 1 •'(,» in 


was of tin ibo" 'I r< g'"' /' < ‘ “ am! I! nh i , r. 

continuitx with t 

cultured from the heart’s bbmd. 
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Longacrc and IIonold=" recently have compared the relative value of 
sulfanilamide, sulfapyridine, siilfathiazole, and sulfamethyl-thiazol in 
experimental gas gangrene in guinea pigs, and made two significant oh- 
sen-ations; (1) that in no instance would any of these chemothera- 
peutic agents protect the animal com])lelely Avhen a moderately large 
inoculation of a strain of Closiridinm n'dchii was injected into the 
thigh muscles, hut that there was slight prolongation of life and this 
wiis noted particularly in those animals treated with sulfathiazole and 
sulfamethylthiazole; (2) that the pathologic changes in the muscle of 
the animals treated with the latter two drugs Avere much less advanced, 
both in intensity and in the extent of the spread, than in the sulfanil- 
amide and su!fa])yridine treated animals. Swan’' reported on the 
highly suece.ssful therapeutic results obtained in a series of cases of frank 
gas gangrene and others with wounds infected with anaerobic gas- 
forming organisms by the combined u.se of antigas gangrene serum and 
sulfanilamide. This author felt that both agents were of value and 
that they should be used coueomltiudly. Wilson’' stated that ii\ com- 
i)Ound fractures of the extremities due to war injuries, sulfathiazole by 
mouth and the same agent applied directly to the wound after adeepmte 
debridement and in a.ssoeiatiou with cnca.scment in plaster Israel ieally 
eliminated tlie complication of gas gangrene. 

Local x-ray tlierni)y has l)een .sucee.ssfully employed by Kelly '= and 
Ins findings liave l)eeu eoufirmed by several otlier workei-s. but the 
method lias not liecn generally accepted and none of our cases has been 
treated in this manner. 


Local tlicrai>y witli zinc peroxide was first rcjiorted hy Meleney and 
.lolinson'' in they treated suece.ssful ly one case of gas gangretie 

of the abdominal wall. Pear.se'''' found zinc peroxide effective in the 
treatment of a It. mlvliii infection of an open wound which liad failed 
to respond to treatment with x-ray and sulfanilamide, .lohnson and 
Meleney'* have tleiuonstratcd the effectiveness of zinc j)eroxide against 
(he vegetative forms of It. u-clcliii in vitro, Imt the spores were found to 
he relatively resistant. They also pre.sent evidence of the inaetivation 
of the heniotoxin ehilmrated hy the haeilli by zinc peroxidi*. 

'I lie first ease deseriliei] in this eominnnieation wa.s given .snlfa- 

pyridine and snllanil.-niiide from lh<- second to the seventh postoperative 
(lays. :ind in spite of tliis therapy a moderately severe eas gangrene de- 
\elo|iid. After adeipiate e()mitenneisions wen* made and tin' wound laid 


oi>eti. ziiie p<n>\id.' therapy w.as instituted and within five days tlie 
iniietion aas nel! nnilcr control. We believe the value of ziin- jM'j'o.xide 
m this itis!;iiie.. is above ((iiestiou while the effeet. if any. of till' sulfanil- 
amide and siilfaj.yndiiie is no! elear. If is possflde t(i;n they may have 
h'l|M .l d. la> the ons. ! ,,f ndiieid the int.-iisity of the infeeiion. altiiough 
e<t‘.r:inl> liiry Wiie iiie.ij.able of eiintroliing the infietion. 

Anuth.r 1 .-.!,! e.io. „f ours I«';,se ^1 supports ih.' .flieaey of 7.ine 
in tie n! of ties.. inf« etioiis, Oii.er Ih.aii ad. ■.mate wide- 
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Table II we have listed in the relative order of their occurrences the 
surgical procedures which have been followed by gas gangrene of tlic 
abdominal ■wall in 48 of the 52 reported cases. 

Although gas gangrene of the abdominal wall is such an infrequent 
complication of gastrointestinal surgerj^, the mortality is high, 60 per 
cent in the collected cases, which makes it extremelj' desh’able to dis- 
cover effective therapeutic measures for its treatment. Early recogni- 
tion by the surgeon of this complication is essential. The onset of in- 
fection usually is manifested within thirty-six to seventy-two hours after 
operation, but this period maj”- vary from a few hours to several days, 
depending largely on the virulence of the organism and the resistance 
of the patient. 

The disease usuall}' liegins with an abrupt I'ise in pulse rate out of 
proportion to the temperature. There is every evidence of toxieity with 
general malaise, extreme prostration, restlessness, and perliaps, coma. 
This is associated with a moderate leucocytosis and usually with a rapid 
onset of secondary anemia. JIarked increase of pain in the wound is 
often a prominent feature. 

Locally the wound may reveal swelling, edema, redness, and especially 
acute tenderness. The skin at the margin of the wound becomes red, 
then dusky, progressing to an exti-emely dark color and finally to total 
gangrene. The often described srveetish, acrid, or “mousy" odor may 
be noted. Pressure on the margin of the wornrd produces a sero- 
sanguineotrs e.xudate in which bubbles of gas may be seen. Palpation of 
the surrourrding tissues may produce a definite sense of crepitus. Smears . 
taken from the exudate will almost invariably I'eveal numerous large 
gram-positive bacilli, and finally, arraerobic cultures lend to a positive 


diagnosis. 

Pour therapeirtic agents have been .suggested, two of which are .sys- 
temic and two local. Gas bacillus antitoxin is said to i-educe the mor- 
talitv significantly but as yet there has not licen sufficient experience 
at the New York Hospital to warrant any conclusions as to its value. 
Sulfanilamide was first u.sed in gas gangrene of the extremities by Bohl- 
man=“ in three patients, all of whom recovered. Sadusk and Itranahair’ 
rcpoiicd two instances of B. wrlchii infection following abortion which 
were snecc.ssfully treated with sulfanilamide. Bliss and Long=' state 
that sulfanilamide has a bacfcriostalie effect in expm-imenfal B. vclrhu 
infection in mice. Stephen.son and Bosa"" have comjiared the therai)cutie 
value of .sulfanilamide and sulfapyridino with that of B. irrlrhii anti- 
‘ - (>xpcrimental infection in mice. They concluded that snlfa- 
■ - line and sulfanilamide were .slightly more effective than the anti- 
• I tiifpction was produced by intraperitoneal injection of the 

r 'll 'I- ""'I iml<- 

or 110 1*1 oiililo-riii. Iioirorrr. pirmilo'I iJ'iilli in I’H 

Imrilli '''OS 
such animals. 
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spread incisions with debridement and drainage and irrigations ■with 
hydrogen peroxide, zinc peroxide was the only agent used. The rapid 
and complete control of the infection was more remarkable in 'view of 
the fact that no chemotherapeutic agent or gas gangrene antito.xin was 
employed. 

It would seem ad'visable to treat anj* case of gas gangrene involving 
the abdominal wall with the local aijplieation of zinc peroxide according 
to the technique described by Melene,y and Johnson, following the estab- 
lishment of adequate surgical drainage and debridement. In view of 
the recent reports from England of the successful prophylaxis and 
treatment of gas gangrene by the combined use of gas gangrene anti- 
toxin and chemotherapeutic agents, we feel that the gas gangrene anti- 
toxin in combination with adequate amounts of sulfathiazole should 
supplement the local treatment. 
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PEEITONITIS* 

III. Studies ix Peritoneal Protection With Particular Peferexce 
TO Action of Sulfonajiide Drugs in Experimental Peritonitis 

H. D. Harvett, M.D., P. L. SIeleney, M.D., and J. W. P-. Bennie, 5I.D., 

New York, N. Y. 

(From the Bacteriological Besearoh Laboratories of the Department of Surgery, 
Columbia University, College of Physicians and Surgeons, and the 
Presbyterian Hospital ) 

TN 1928 we undertook the study of tlie iiroteetion of the peritoneum 
against infection, iiaving in mind particularly the control of post- 
operative peritonitis after resections of the colon. We first studied hy 
aerobic and anaerobic methods the peritoneal exudate obtained at opera- 
tion from 106 human beings with peritonitis,' and found that many of 
the cases vdthout perforation and all the cases with perforation yielded 
two or more varieties of organisms, if the culture grew at all. Some 
member of tlie coli group was nearly always present; next in frequency 
was some form of intestinal nonhemolytic streptococcus, and third, Clos- 
tridhm tvehhii. The colon bacillus seemed by' far the most important. 
Somewhat to our surprise the presence of Cl wclchii did not add mate- 
rially to the severity of the infection. We later reported exjicriments' 
demonstrating that two or more of those species acting together may 
be more lethal in smaller numbers than when acting alone, ns if tlieir 
action were synergistic. 

HISTORICAL 


The study of peritoneal immunity or protection extends back at least 
to 1894, when IssaoP reported that scrum, broth, ur'wc, 2 per cent 
nucleic acid, and otlicr substancc.s, injected into the jicritoneal cavity of 
guinea pigs, rendered them immune to cholera organism.s injected a few 
days later. The degree of jirotection was not over fifteen times the dose 
that killed unprotected controls, but tlie evidence seemed to he clear 
that a number of different and unrelated substancc.s would stimulate 
some protective mechanism within the peritonea] cavity. Klein' in 
1893 had reported similar nonspecific protection achieved against cholera 
vibi'ios by the intra])eritoncal injection of various other sticeic.';. 
Pfeiffer"' with I.s.saef also ])ul)lishcd in 1894 the scries of experiments 
with cholera organisms that demonstrated what later came to be called 
the Pfeiffer phenomenon, a ]iromi)t lysis of the vibrios in the iicritonc;d 
cavitv of immunized animals. ,\ltbougii this pheiioincnon was illiis- 
tntcfl by the intraiu'ritoncal injection of the cholera vibrios, its rela- 
tionship to clinical jicritonitis was hardly apiin-ciafcd. In the Cavctidisii 
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lecture in London in 1904, von Mikulicz® reported Jliyakc s expeiiments 
in which intraperitoneal and subcutaneous injections of various sub- 
stances were shown to give protection against organisms of the colon 
group or intestinal contents introduced intrap eritoneally afterwards. 
Von IMikulicz had used nucleic acid, neutralized, in 2 per cent strength 
subcutaneously in fifty-five human beings before abdominal operations, 
and was pleased with the postoperative course. He explained the bene- 
ficial effect bj' the leucocytosis which the nucleic acid called forth. He 
tried one intraperitoneal injection of this substance, but it caused so 
much distress that he did not attempt this route again. Solieri® in 
1902, after experiments with guinea pigs, tried intraperitoneal injec- 
tions of saline solution anteoperatively in man. Durham’'’ in 1897 rec- 
ommended the use of streptococcus semm against peritonitis, and 
Wilkie” in 1910 tried convalescent human serum with what he thought 
was benefit to his patients. Loeffler and Abel” in 1896 had demon- 
strated in guinea pigs specific protection against BacUhis typhosus and 
Escherichia coti by intrapei-itoneal administi'ation of their specific anti- 
sera obtained from dogs. Makins and Sargent” in 1907 used polyvalent 
anticoli horse serum in human beings with peritonitis with questionable 
Ijcnefit. 

In 1928, Herrmann” revived interest in peritoneal protection by ob- 
taining a certain degree of peritoneal immunity by means of a mixed 
streptococcus and colon vaccine. Tliereafter, Dixon and Bargen,” and, 
for a time, Rankin,” developed the clinical use of similar vaccines to 
produce peritoneal protection. Jleanwhile Steinberg and Goldblatt,” 
and later Steinberg alone,” published their experimental work on dogs, 
during whicli they developed their product, bactragen, a composition of 
gum tragacantli, aleuronat, and the vaccine of a special strain of E. coti. 
This was used intrapcritoneally to produce a sterile peritonitis and with 
it peritoneal immunity. This .substance has received favorable com- 
ment after a clinical trial by Potter and Coller” and Coller and Ran- 
som.'” Johnson” and also Young and Jlarks"' have tried and ad- 
vocated tlic preoperativc use of concentrated amniotic fluid, injected 
intrapcritoneally. ^lany .surgeons, chiefly in Germany, have recom- 
mended the use of sera from hoi-scs and eattle injected with E. coli. 

THE XEKD 

llie need for new moans of preventing j)ostoi)erativc peritonitis in 
al)dominal surgery is still great in .spite of advances in surgical tcch- 
nii]ue and jire- and poslo])cra1ive care d\iring the i)ast decade. At the 
Pre.sbyterian lIosi)ital in the period 1933 to 1939 inclusive. 316 7-ndical 
resections were done for carcinoma of the n'clum and colon. The post- 
operative mortality in five of tlie.se yeai-s lay between 13 and 19 jier 
cent, but two bad yciirs raised the averasre to 20.3 per cent. This rep- 
rc.seMt,s the work of the staff as a whole. One member. Charles L 
Janss,.n. vho did nearly one-ludf of the abdominoperineal resections for 
carcinoma of the rectum, had a mortality rate which uas about one- 
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llliid Hint of till' .sliifi ns n whole, nrid in flic Inst tiiroe years of his life 
perrorineil 27 of liio.so opernlions willi Inil 1 dontli. But tiic records of 
a few speeially trained and frifted ojierators do not rejiresent the rlif- 
(ieully experienced liy the snrfrieal jirofession tlic country over in pre- 
vent inir IHisI operative deaths after major operations on the intestinal 
tract. 

e Iiavc tried to discovei’ wlial pail jierilonili.s played in this high 
postojierative death rate hut found accurate estimation unobtainahle. 

1 he diafrnosis ot postojierative jieeitonitis is frcfpiently difficult while 
llie jiatient i.s yet alive, and even at autojisy the role of any peritonitis 
found is often hard to ajijiraise. The jiatienls die usually with a com- 
jilication of lesions, flow many of them would liavc e.scaped or survived 
their pneumonia or ileus if they liad not ulso had jiiis in their peritoneal 
cavity? A mnnerieal answer cannot he given, but after reviewing the 
rccoi-ds with care, it is our inijirc-ssion tliat in one-Jialf of the fatalities, 
at least, peritonitis was an important cause of death. It is still more 
difficult to estimate the increase of morbidity from peritonitis among 
the .survivors, hut undoubtedly it is a factor of primary importance. 

CIIAIi.lCTKR or THE OKGAXISMS PRODUCI.VG PERITOXITIS 

Apart from the rather sjieeialized forms of peritonitis due to single 
organisms like the gonococcus, the pneumococcus, the hemolytic strep- 
toeoeeus, or the tubercle bacillus, most infections of the peritoneum are 
produced by inhabitants of the intestinal tract. The organisms most 
often obtained by culture of intestinal contents are E. coli, enterococci, 
and Cl. wclchii, the same varieties that we found in our study of the 
peritoneal fluid of human beings with peritonitis. In 85 per cent of our 
positive cultures in that study, two or more varieties of organisms were 
found, illustrating that the infection is usually mixed. AA^e have never 
obtained a strain of these organisms tliat was highly virulent for labora- 
tory animals. At times, the virulence of E. coli could be enhanced by 
rapid passage through animals to a point where 10,000 would kill a 
20 Gm. mouse, but this rvas not true of the enterococci or Cl. ivehJdi. 

It was also impossible for us to maintain a constant virulence, so that 
experiments with the same strain performed on different days could not 
be compared. Most of the colon forms and the CJ. ivelcJiii were toxin 
producers. Some strains of the colon group developed two types of 
colonies; one, a dark opaque eolonj^ was a toxin producer and relatively 
virulent; whereas, the other, a light colony, possessed neither of these 

nerties In addition to the toxins demonstrable in some of the fil- 
t tes there was also a toxin present in the bacterial bodies of cultures 
tMt had been killed by heat or formalin. AVe were never able to evoke 

" itoneal protection against injection of these dead bacterial bodies, 
any pel ‘ w could evoke so little protection against 

This n,w > “'."“"ikause with thorn miltiplct of . lotl.al 60.0 
S' WngOTgonisms soon apprenohed the lethal dose o£ hilled organism. 
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PROTECTION EXPERIMENT.S WITH MICE .VND GUINE.\. PIGS 

Our general procedui'e was to protect the animals, exeept the con- 
trols, by the intraperitoneal injection of various substances, and then 
test the degi'ee of protection bj”^ injecting living bacteria into the peri- 
toneal cavity in vaiying amounts, and noting how large a dose the 
protected animals would survive in terms of the doses that would kill 
the. wnproteeted controls. The infecting organisms were injected as 
actively growing four- to six-hour cultures of E. coili, enterococci, or C?. 
welchii singlj* or in combination ; or fresldy collected human or animal 
intestinal contents were strained through cotton to eliminate gross par- 
ticles, and injected; or fresh cultures of intestinal contents were used. 
Before finally testing each protecting agent, it was necessary to find 
out in what amount it should be injected, how often, and at what in- 
tervals in order to achieve the best results. In general, we found that 
two injections, given about twenty-four hours and two hours before the 
bacteria, gave as good results as more numerous injections. The num- 
ber of organisms injected was estimated by reading a sample from the 
culture flask by means of the Gates turbidimeter. Dilutions were then 
made directly from the flask for the largest doses and from them for 
the smaller doses. No experimental result was accepted unless it could 
he repeated. 

Because of the wide individual variations among the animals in their 
susceptibility to infection and their response to the protecting agents 
used, it was necessary to cheek each dose of organisms by three animals 
instead of one. In this way, accidental deaths were loss likely to con- 
fuse the significance of the experiment. 

1. Protcefim) hij Means of Living Organi.svts. — Clinicians have be- 
lieved for many years that the peritoneum is more resistant to infec- 
tion at the time of a second laparotomy than at a first. \Vhcther this is 
a true, local immunity has never been proved so far as we know. "We 
attemiitod to study this phenomenon by inoculating guinea pigs intra- 
peritoneally at weekly intervals with gradually increasing doses of liv- 
ing E. coli, enterococci, and Cl. nxlchii, the organisms we found most 
frcfiuenlly in peritonitis in human beings. Of IG guinea pigs receiving 
E. coli commnnior, in only 1 was immunity obtained sufficient to with- 
stand 7..') minimal lethal doses. IMost of the other guinea pigs died of 
])ci'it()nitis during the process. Of 2n animals receiving Cl. wclchii, 
only 1 reached an immunity of 12 minimal lethal doses, and it died 
snbsciiuently of a smaller dose. All the otliers died of peritonitis oi' 
infei'tions of the abdominal wall. Of 31 animals receiving streptococci, 
mdy ] finally withstood S minimal lethal doses. Some of the animals 
iceeiwd as many ;is IS weekly injections. No agglutinins could be 
found in the animals that did achieve .some immunity. It seemed clear 
from these experiments that immunization by means of living organ- 
isms. as we attempted it, at least, was associated with great risk and 
uncertainty and little hope of practical value. 
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w. / roli'clioti hi/ Fill nit (s. — W'licii iiUosliiifil l);ictcri;i are ^jrown in a 
suiliiliie Mnid inediiiin, llic rcsitlfin^ hacicrial emidsioii may lie centri- 
luy:ed, and llie siiperiiiilant imi-lioii jiassed lliroiiydi a I3crkei'el(l filter 
to yield a elear /luid wiiieli is sterile «>xeept j)ossibly foi- fillrabic forms. 
/ lie iiltrate may eoiitain aiiion^r oilier tbiiii's baeteriopliat;c.s, tJie anti- 
virii.s d('.seribe(I by Besri'dlca, and .soluble baeterial iiroduets. I(.s acidity 
may difii-r from that of the oriyiiia) medium used. Jl i.s, tliercfore, a 
eomplic'ated Iluid of uneertaiii ami variable eomjiosition. 


AVe iircjiared filtrates from various strains of the following: E. coli, 
enteroeoeei, Cl. wclrhii, singly and grown together, human and animal 
intestinal contents taken from the ileum or jmrts of the large intestine, 
and cultures from similar intestinal contents. The filtrates were pre- 
jnired from cultures ixvown aerobically or anaerobically. After testing 
for sterility, the filtrates were injected into guinea pigs or mice which 
subsetiucnfly received living organi.sms intraperitoneally. 

Repeated e.xperiments led to the following deductions. Intrapcri- 
toneal injection of filtrates gave better protection than subcutaneous in- 
jection. One injection given thirty-si.x to twenty-four hours before the 
bacteria, followed b.v a second in.ieclion eight to two hours before the 
bacteria, gave as good protection as did more frequent doses or doses 
given at other times. Filtrates administered after the injection of bac- 
teria Avere of no value. Because the toxicity and potency of the filtrates 
varied, it Avas impossible to set a standard dose, but generally 1 c.c. 
for a 350 Gin. guinea pig and 0.05 c.c. for a 20 Gm. mouse Avere suf- 
ficient. Filtrates prejiared from eiglit-da.v cultures Avero not consistently 
better tlian those prepared from tAA-enty-four-honr cultures. Filtrates 
heated to 55° C. were far loss potent than unheated. Freshly prepared 
filtrates AVere better than those that had been alloAved to stand for seA'eral 
days. Rapidity of filtration and the porosity of the filter had no appre- 
ciable effect on tbe Amine of the filtrate. 


It Avas further found that filtrates prepared fi'om a virulent (dark) 
colony of E. coU almost ahvays gave better protection than did those 
prepared from other organisms or combinations of organisms or from 
direct cultures of intestinal contents. Filtrates from avirulent (light) 
colonies of E. coli, on tlie other Iiand, Avere never observed to be potent. 
These facts held true no matter whether the filtrates Avere used for pro- 
tection against E. coli, streptococci, Cl. ivclclm in pure culture, or the 
combination of all three, or intestinal contents or cultures of intestinal 
contents. AA^'e could not sIioav that the E. coli filtrate protected better 
ao-ainst homologous than against heterologous strains, but Ave did dis- 
coAmr that the degree of protection, measured in minimal lethal doses, 
far higher against virulent organisms than against organisms of 

]oAV virulence. 

The de«-ree of protection obtained Avas often excellent and gave prom- 
ise of real clinical value, as the following experiment illustrates (Table 


I). 



249 


HARVEV ET Al,. : PERITONITIS — 


Table I 


Experiment 16— Guinea Pigs, Weight 310 to 370 Gm., Eeceived E^trate or 
Yiruuent Strain of E. coli, Grown in Phosphate Broth fob 8 Days, 
Followed by Li'Tng E. coli of Same Strain. 


PIG NO. 



FILTRATE 

INJECTED 

12/6/29 

FILTRATE 

INJECTED 

12/7/29 

organisms 

INJECTED 

12/S/29 

RESULT 

0.5 c.c. 

0.5 c.c. 

12 billion 


0.5 c.c. 

0.5 c.c. 

(i billion 

Lived 

0.2 c.c. 

0.2 c.c. 

12 billion 

Died 

0.2 c.c. 

0.2 c.c. 

6 billion 

Lived 

Control 

20 million 

Died 

Control 

10 million 

Died 

Control 

2 million 

Died 

Control 

0.5 million 

Died 


Pesiiff; Protection for 12,000 minimal lethal doses, or more. 


Later experiments, however, showed that a degree of protection com- 
parable to this could be obtained only against the one organism that 
could be brought to a relatively low numerical minimal lethal dose, 
namely E. coli, and then only when the strain of E. coli protected 
against actually was virulent. As no strains were encountered that 
were virulent for animals when first obtained, until after repeated ani- 
mal passage, we feared that the following experiment more truly repre- 
sented the degi’cc of protection that might be obtained clinically in 
human beings. 

Table II 

Experiment 02. — ^lIicE IS to 22 Gm. Various FiLTr..\TEs Used as Protecting 
Agents Against Culture of E. coli. Enterococci, and Cl. welchii Prom Patient 
T. EAai Mouse Except Controls Eeceived 0.05 c.c. or Designated Piltk-utf. 

20 Hr. and 2 Hu. Before Injection of Organisms 


DOSE OF 
COMBINED 
ORGANISMS 

filtrate 

(OLD) OF 
COMBINED COLI, 
ENTEROCOCCI, 
AND WKI.CIIII 

(patient t) 

FILTrv.VTE 
(NEW) OF 
COMBINED COLI, 
ENTEROCOCCI, 
AND WELCHII 
(PATIENT t) 

FILTRATE 
(new) OF 
COMBINED COLI, 
ENTEROCOCCI, 
AND WELCHII 
(PATIENT l) 

FILTRATE 

(NEW) 

OF STOOL 
CUI.Tl'RE 
(PATIENT L) 

10 billion 

Died 

Died 

Died 

Died 

1 billion 

Died 

Died 

Died 

Died 

100 million 

Died 

Lived 

Lived 

Lived 

10 million 

Lived 

Lived 

Lived 

Lived 

1 million 

Lived 

Lived 

Lived 

Lived 

100 tliimsand 

10 thousand 

100 million 

10 million 

1 million 
ion tliousaml 

10 tboii^aml 

Lived 

control 

NO protection 
Died 
Lived 
T.ived 
I.ivcd 
Live<l 

Lived 

Lived 

Lived 

Hrxujt : One minimal lotbal dose protection shown for three of 
proltvtion sliown for the old fdtrnte. 

the fdtrates, no 


1 ho oxpoi imi'iit.s witli filtralos forood us to ooiiclude lliat while atiaiiist 
linilout strains of A, coli good iirotootioii could he domon.sl rated, vorv 
little protection could bo ohtaiuod amiinst organisms whose virulouoc 
had not hoou artirwially ouhauood by animal passage. Furthermore, we 


simrji.Kr 


L’oO 

fodiirl fliiil nifrat('S luul llie (]i.siulvjn)ta''o of <;rcat variability in toxicity 
aJid j)o((.'iicy, and tiint llioy dofjrcneralod rai)id!y. Wc therefore aban- 
doned tlicin. 

d. J*r()t((:iwii ^Vi(ft — "We tried first a horse scrum prepared by 

a eomniei'cial Ial)nratory from E. colt filtrates that we supplied. While, 
at fii’st, .samples of these sera injected intraj)eriloncally as prophylaxis 
apiinsl intestinal orfranism.s gave i»romi.se of good protection, later tests 
did not confirm this. After several weeks of trial, this method of pro- 
ducing a potent scrum was abandoned. 

In our own laboratory, we obtained sera from rabbits that were in- 
jected over a period of sevciml weeks intravenously with increasing 
doses of vaceincs and filti-ates of E. coli, streptococci, and Cl. wclchii, 
singly and in combinations. The sera that by agglutination tests ap- 
lieared to be potent against their antigens were then tested for their 
ability to protect mice or guinea ])igs against infection by various in- 
testinal organisms. As was to be cxi)ccted from the work with filtrates, 
by far the best x)roteelion wo were able to demonstrate was that afforded 
by the sera from rabbits which had been injected with E. coli vaccine 
(with or without E. coli filtrate) wlicn used against virulent E. coh. 
The sera were given intraimritoneally apj)roximately twenty-four hours 
and two hours before the organisms. Serum given after the organisms 
were injeeted did not appear to give much protection. Normal serum 
consistently gave little or no protection against any organisms and was 
abandoned as a control. 

Experiment 38, which is show'n iu Table III, illustrates the results 
obtained. The serum used in this experiment xvas obtained after the 
injection of rabbits with E. coli A’accine alone. The intestinal contents 
were obtained from a mouse, emidsified in broth, and the cloudy super- 
natant fiuid pipetted off for use. Similar results w'ere obtained when 
intestinal contents from guinea pigs were used. 

In summary, concerning the serum woi'k, it may be said that while 
we did not test the sera as extensively^ as w'e did the filtrates, the pro- 
tection afforded by both was roughly of the same degree. The sera, 
if potent, seemed less toxic and more reliable than the filtrates. To be 
effective, they' had to be given prophydacticallv. The more virulent the 
culture, the greater their degree of protection in terms of minimal lethal 
doses. We made no tests regarding their specificity. 

4 Protection hy Vaccines . — The gi-eatest part of our work was done 
with vaccines prepared from intestinal organisms singly or in combina- 
tion We found no constant difference betw'een heat- and formol-killed 
preparations. We did not test vaccines made from very ymung cultures, 

Lt generally used eighteen-hour growths. The action of the vaccines 

similar to that of the filtrates except that the vaccines w-ere nat- 
'''?ilv more stable and more consistent in their effects. E. coli vaccine 
, 0-1 ve as good protection as did vaccines of other species, 
eonsis en y ® could show no better ])roteetion against the 

and often uetrci . 
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Table ni 


Expebuient 38. — ^MiCE IS to 22 G^c. Each ilousE, Except Contbols, Received 
0.25 o.c. OF Rabbit Anti-Coli Vaccixe Serhsi 26 Hr. and 3 Hr. Before Injection 
OF Bacteria ok Intestinal Contents. 


^)OSE OF VIP-ULEKT 

SERUM-PROTECTEP 

CONTROL, UNPROTECTED 

E. COU 

MICE 

MICE 

4 billion 

Died 


1 billion 

Lived 


300 million 

Lived 

Died 

10 million 


Died 

1 million 


Died 

POSE OF ^rOUSE 1XTESTI^-AP 



COXTEKTS EltULSIFlED IX 


CONTROL, UNPROTECTED 

SALIXE SOLUTIOX AXD 

SERUSt-FEOTECTEP .MICE 

MICE 

PIPETTEP OFF 



20.0 c.c. concentrated 

Died 


10.0 c.c. concentrated 

Died 


2.0 c.c. 

Died 

Died 

1.0 c.c. 


Died 

0.5 c.c. 


Died 

0.1 c.c. 


Lived 

Jicsitii : Protection bv i 

serum amounting to at least 

1,000 minimal lettial doses 

against the virulent strain of coli, but less than 20 minimal lethal doses aerzilnst 

tlio cloudy supernatant fluid from the intestinal contents. 



liomologous strains of E. coli than against heterologous. The degree of 
jirotection again in general rose Avith the virulence of the organism 
against which protection was aimed. Against emulsions of inte.stinal 
contents, or cultures of intestinal contents, the protection rarely exceeded 
ten minimal lethal doses, hut against a relatively virulent strain of 
h. coli the protection reached into the thousands of minimal lethal doses. 


•}. Protection hy Substances Other Than the Above. — ^We had by this 
time satisfied ourselves hy e.xperimcnts many times repeated that we 
knew how much protection could be obtained by injections of living 
oiganisms, filtrates, vaccines, and .sera deriA’cd from the common intes- 
tinal organisms. In attemjiting to find a substance better than any of 
thc.se, A\c entered upon a series of experiments in which we compared 
the protecting eaiiacily of the derivatives just mentioned with the pro- 
tection afiorded hy various other sulistanccs. In order to conduct com- 
parative tests of this kind, it is most important to he sure that the 
protecting suhstaneos Avhich arc being comjiared arc employed in the 
manner liest suited to each. Tins means careful study of each new sub- 
stance employed, to he certain that it is being correctly used. Obviouslv 
one cannot test all imssible substances, or even test all iio.ssible wavs 
of using one substance. As evidence for the statements we are about 
to make, we must p„i„t chiefly to the fact that we used over 7.000 ani- 
mals in our various tests and attempted many variations in the use of 
our protecting agents in the ho,,e that we would not overlook anv manner 
of dosage that would give the best protection. In addition to the vae- 
e.ue.s sera and lilt rates of If. coli, enterococci, and fV. urlchii, we tested 
tAAo bi.iuds of (.erman commercial E. mli sera. Staph ylororcus aureus 
vacine, /.. coh hactenophnge of onr own production, amniotic fluid 







coiicoiil I'lilo, BiirjToii’s E. coli aiul ciiloroocKicus vaccine, coli vaccine in 
fjmn Irafracantii ol onr own make, Steinbeng’s bactragen, aleuronat. 
New ^ nrk Boai-d of Jlealtb l.vj»lu)i<l vaccine, several pneumococcus vac- 
cines, cnule leciliiin added 1o coli vaccine, broth, saline solution, acetic 
acid of varying strengths, aleuronat and starcli mixture, sulfanilamide. 
Wc found several of tlie.se substances that gave as good protection as 
did coli vaccine but none that gave better in mice and guinea pigs. 


-VATti/U': OK Tin; pkotkctiox outainkd 


"When any substance is injected into tlie ])eritoneal cavity, there is 
a reaction by the body wbicb results in peritonitis. The degree of reac- 
tion varies M’ith the nature and amount of the injected .substance, and 
also with the reacting jiropcriies of the individual who receives the 
injection. It is not iiraetical to inject enough of a bland substance 
like saline solution to jiroducc a marked pentonitis. Therefore in order 
to obtain a strong peritoneal reaction, more irritating substances must 
be used. Shortly after the injection, the animal may .show evidence of 
pain. There is an inerca.se of peritoneal fluid. There may be within 
fifteen minutes a transient increase of small round cells in the peritoneal 
fluid, and shortly thereafter the large mononuclear cells, found in normal 
peritoneal fluid, are replaced by a great relative and actual increase 
of polymorphonuclear leucocytes. The only exception to this reaction 
that we found was when a large dose of virulent living organisms, such 
as Cl. u'clcJiii, was injected, in whicli ca.se the animal often died without 
ever achieving a leucocytic re.sponse. Usually, however, as the leu- 
cocytes increase, the peritoneal fluid becomes tliieker, clumps of fibrin 
appear containing cells and bacteria (if they have been uijected), un- 
til, within about three or four hours, large, deepl}’^ staining mononuclear 
cells begin to appear in appreciable numbers, which we take to be young 
macrophages. By six hours after injection, the macrophages are clearl}' 
to be identified. Under favorable circumstances, phagocytosis is well 
under way by this time, both by leucoc.ytes and maeropliages. The pro- 
portion of macrophages continues to rise as degeneration of the various 
types of cells proceeds. At the end of five or six days, the peritoneal 
fluid may be hardly distinguishable from normal. Although the local 
peritoneal and subperitoneal phenomena are so pronounced that one is 
tempted to call the whole reaction local, it is obvious that the remainder 
of the body must also take part in it. 


In o-eneral, the degree of immunity we obtained was highest when the 
’itoneal reaction was most intense. In fact, animals that were made 
^'^^sick by the preliminary injection that they appeared about to die 
.(Withstood the largest doses of infecting organisms. Such intense 
vpactions could be produced by nomspecific substances like 
f starch mixture, or by bacterial products like E. coli 


aleuronat and starch^^^_^^ afforded by each was in general the same. 
m therefore look on this protection as a function of the intensity of 
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the peritoneal reaction, short of actually causing the death of the ani- 
mal, and also as a nonspecific phenomenon, wJiose efficacy against aiiy 
infecting organisms is indeijendent of the substance used to produce it. 
An exception to this statement is the protection afforded by E. coli 
bacteriopliage, "vvliich was effective against its own liomologous strain 
of E. coli, but ineffective against other strains of coli or against other 
organisms. The protection obtained by drugs may also be of a different 
nature. 

Experiment 176 (Table IV) supports the idea of nonspecificity, be- 
cause if the protection were specific, one would expect the homologous 
vaccine in each of the two series to protect better than the heterologous. 
This was not the case. 

Tabi.e IV 

Experiment 17fi.— M ice 18 to 22 Gm. Two Set.s of Mice Becewed 50 Miewon 
E. com Vaccine Intraperitoneaeev 24 Hr. Before Injecttok of Living Bactep.ia. 
Two Otiiep. Sets of Mice Keceu-ed 500 Millio.n Vaccine Mape Ero.m Strain of 
}Je.moiytic Strtptococci or Helath-eev Low Virueence, at Sams Time. One of 
Bach Set Eeceived Homologous Colon Organisms, and One Homolococs 

Streptococci. 


POsSE OF 
OnOANlSMS 

COLI VACa.VE 

vs. 

COLI OnOANISM.S 

STREPTOCOCCUS COLI VACCTNE VS. 
VACCINE VS. con STREPTOCOCCUS 
ORGANJS.MS ORGANISJIS 

STP.EPTOCOCCUS 
VACCINE VS. 
STREPTOCOCCUS 
Or.GANIS.MS 

400 million 

400 million 

Died 

Died 

Died 

Died 

Died 

Died 

Died 

Died 

250 million 

250 million 

Died 

Died 

Died 

Died 

Died 

Died 

Died 

Died 

100 raiUion 

100 million 

Died 

Died 

Died 

Died 

Died 

Lived 

Died 

Died 

50 million 

50 million 

Died 

Lived 

Died 

Lived 

Lived 

Lived 

Lived 

Lived 

10 million 

10 inUlion 

Lived 

Lived 

Lived 

Lived 

Lived 

Lived 

Lived 

Lived 

POST. OT 
OKGAXrSMS 

t'Krr.OTECTEP 
CON'TKOLS 
VS. COLI 

UKI'KOTECTEP 

CONTROLS 

VS. 

STUniTOCOCCl 



In million 

10 miliion 

Died 

Died 

Died 

Died 



1 million 

1 million 

Died 

Died 

Died 

Lived 



lOn tlious.nid 
100 tlioiisnnii 

Died 

Died 

Livcl 

Lived 



Hi’Milt: 'Dio Miroinc-^ in each case protected almost equally «ell against the 
liPlerologoiis organism as they did ngainst tlio liomologous strain. Tlie {act that tlic 
colon strain was inoro iirnlciit tiinn the streptocoeei doe.s not .alter this cotielusion. 


MM.MAItY or TUK r.XPFJUMKNTS WITH MICE ANU GflXEA PIGS 

1. Any suhsfiim'c in.ieetcd into the peritoneal cavity of mice or guinea 
pigs i>ro(biecs a peritoneal reaction. 

2. If the reaction is .scvciv enough, it is accompanied hy a measurable 
degree of immnnity against subsequent intrn|)eritoiieal injection of 
various organisms. 
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t'onconiralo, Barfipii’s L. roli and cntei'ocoecu.s vaccine, coli vaccine in 
prnin li'aftncantii of our own make, Steinberg’s bactragen, aleiironat, 
New ork Board of Hcaltli typhoid vaccine, several pneumococcus vac- 
cines, crude lecithin added to coli vaccine, broth, saline solution, acetic 
acid of vjiryijig strengths, aleuj-onal and starch mixture, sulfanilamide. 
We found several of tlicsc substances that gave as good protection as 
did coli vaccine but none that gave better in mice and guinea pigs. 

XATUItK OK TltK KROTKCTION' OUTAIXED 

When any substance is ijijected into the i)eritoneal cavity, there is 
a reaction by tlie body which j-csulls in peritonitis. The degree of reac- 
tion varies with the nature and amount of the injected substance, and 
also with the reacting properties of the individual who receives the 
i7ijcction. It is not imacticai to inject enough of a bland substance 
like Saline .solution to ])roduce a marked peiatonitis. Therefore in order 
to obtain a sfroJig peritoneal reaction, more iiTitating substajices must 
be used. Shoi’tly after the injection, the animal may .show evidence of 
pain. There is an increase of peritoneal fluid. There may be within 
fifteen minutes a transient inci-ea.se of small round cells in the peritoneal 
fluid, and shortly thereafter the large mononuclear cells, found in normal 
peritoneal fluid, arc replaced by a great relative and actual increase 
of poljTuorphonuclear leucocytes. The only exception to this reaction 
that wc found was when a large dose of virulent living organisms, such 
as Cl. wclchii, was injected, in which case the animal often died wthout 
ever achieving a leucocytic response. Usuall.v, however, as the leu- 
cocytes increase, the peritoneal fluid becomes thicker, clumps of fibrin 
appear containing cells and bacteria (if thej' have been injected), un- 
til, within about three or four hours, large, deeply staining mononuclear 
cells begin to appear in appreciable numbers, which we take to be .young 
macrophages. By six hours after injection, the macrophages are clearly 
to be identified. Under favorable circumstances, phagocytosis is well 
under way by this time, both by leucocytes and macrophages. The pro- 
portion of macrophages continues to rise as degeneration of the various 
tvpes of cells proceeds. At the end of five or six days, the peritoneal 
fluid may be hardly distinguishable from normal. Although the local 
peritoneal and subperitoneal phenomena are so pronounced that one is 
tempted to call the whole reaction local, it is obvious that the remainder 
of the body must also take part in it. 

In treneral, the degree of immunity we obtained was highest wlien the 
•itoneal reaction was most intense. In fact, animals that were made 
^^^siek by the preliminary injection that they appeared about to die 
^ften withstood the largest doses of infecting organisms. Such intense 
conld be produced by nonspecific substances like 
Td “ or 1.,' taCcri.I prod.Cs like E. coli 

aleuiona < protection afforded by eacli was in general the same, 
^(“therefore look on this protection as a function of the intensily of 
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a generalized, not merely diffuse, peritonitis Yas present in all dogs 
tliat we autopsied in the acute stage. The appendix tip itself usuallj 
became a swollen, dark red, gangrenous mass. The peritoneal fluid 
w as usually at first intenselj’ bloody and present in large amounts. Each 
culture made from it grew E. cdli, enterococci, and Cl. xcelchii and at 
least three other strains of variable nature. The peritonitis uas there- 
fore the result of a mixed infection. The control dogs, and those in- 
adecjuately protected, usually died uithin forty-eight hours although 
there uere some that died later, and an occasional survivor. The after- 
treatment consisted of morphine as indicated for pain, uater to drink 
and food later if the dog survived long enough. In addition, the 
specific treatment being tested was given. When drugs u'ere injected 
through the T-tube in water, an equal quantity of water was gi\cn by 
the same loute to the controls. This never exceeded 150 c.c. in tuenty- 
four hours. 

Almost all oi the survivors were arrtopsieil tlrrct to five weeks aitev 
operation. Those sacrificed early showed a well-isolated abscess contain- 
ing tlie tape that was used to tie off the appendix tip. After four or 
fi\c weeks even this had often disappeared. The remainder of the 
j)ciitoneal cavity showed little evidence of the severe infection which it 
had suffered. 

The icsults of the experiments were as follows ; 

Conlroh — No peritoneal protection, and no drugs except moiphine 
for pain. Died in one day, 6; in two days, 4; in three days, 2. in four 
days, 1; in seven days, 1; survived, 2. Total: 14 died, 2 survived. 
Peicentage of survivors, 12 5 per cent. 

lUtcirmjen — One ampule, 30 c.c., given intraperitoncallj’ twenty-four 
hours before operation. Treatment otherwise as for controls. This 
substance was selected as lepresentative of the gi’oup that had been 
most effective in producing immunity in the guinea pig and mice exi)eri- 
ments It has furthermore been used extensively in dog expeiimcTits 
by fitcinbcrg, and its best method of employment therefore probably 
ascertained All the dogs which received it dcvelo])cd laige amounts 
of bloody peritoneal exudate before operation. Died in one day, 1; 
died in two days, 2; died in three days, 4; died in four days, 1 ; died 
in five dn>s, 1, died in eight da\s, 1; survived. 1 Total: 10 died, 1 
sur\i\ed Percentage of suivivors, 9 ])cr cent. 

In addition to the 11 dogs listed above weic 2 which disnqited their 
wounds wlien the\ seemed extjemely ill, discharged huge amounts of 
juis, and finally )eco\eied. This inlioduced a factor which makes it 
imfair to consider them in the seiies. Theic were also 2 other dogs 
which died. 1 under the anesthetic (which no unin.inied dog in our 
expel icnce of sc\oi,il hundred dogs has done), and 1 which was too sick 
the inoining after ieeei\iiifr h.ieti.igeii to ojiei.ite uj)on. Tlie last 2 
juovide Lvidinee that the injection of laieti.igen is not witlioni lisk- to 
the ricipieut. 
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4. The imiiuiiiity a])])eai'.s to be iionspeeifie, except in the case of cer- 
lani substances iihe bacteriophage in wliieh the protection afforded ap- 
pears to 1)0 due chietiy to its si)ccific bactericidal property. 

4. 1 lie degree of imnuuiity obtained may reach several thousand mini- 
mal lethal doses against relatively virulent organisms, such as strains 
of E. coH whose virulence has been artificially raised. E. coli, entero- 
eocci, C/. irclchij, and other intc.stinal organisms, as obtained from the 
intest ini\l tract or from jni.s, are in our experience always of low viru- 
lence, and against these strains the degree of immunity is usually of 
the order of ten minimal lethal doses. This is true also of intestinal 
contents, filtered through cotton. 

a. We found no single protecting agent that was of outstanding value. 

EXI'ERIMKXTS WITH DOGS 

We used jnice and guinea pigs for the preliminary work just described, 
because many of the experiments required the use of fifty or more 
animals the same day. This jmrt of the work was open to two obvious 
criticisms: first, that the method of producing peritonitis, i.e., by in- 
jection of a single dose of organisms, was unlike the method in which 
it usually arises in human beings, and, secondly, that the nature of the 
reaction in these small animals makes them itnsuitable for experiments 
that could be interpreted in terms of human beings. We shifted to 
dogs, not onlj' because of their greater size, but because we could pro- 
duce in them a lesion that was not unlike acute gangrenous perforated 
appendicitis with subsequent diffuse peritonitis. The procedure was as 
follows: The dogs were anesthetized with sodium nembutal given in- 
travenously. After preparing the skin of the abdomen we entered the 
peritoneal cavit}^ through a right rectus incision a little above and to 
the right of the umbilicus. The appendix (or cecal appendage) was 
delivered into the wound, and the blood supplj- to the distal 4 cm. 
divided and ligated. A piece of umbilical tape was tied tightly around 
the appendix just proximal to the distal 4 cm., so as to shut off gross 
fecal leakage and to make sure that no blood supply reached the tip 
through the wall of the appendix. The distal 4 cm. was then laid open 
for its entire length, and the underlying mucosa ndped grossly clean of 
worms and feces, leaving behind, of course, many organisms on the 
mucosal surface. A T-tube was then placed into the midportion of the 
small intestine for enteral administration of drugs, and brought out 
throuo-h a close-fitting separate tract that was carried through sub- 
taneous tissues for several inches in order to prevent leakage of peri- 
)” 1 fluid around the tube. The rectus wound was then carefully 

tonea efforts to produce a uniform lesion in 

close in course impossible to do so because of inevitable 

this manner, ^^d number of organisms present in the dogs’ 

variation m jggjg^ produced was uniform to this degree, 

appendices. , mctnl 4 cm of the appendix always resulted, and 

that gangi-ene of the ensw 
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of administration was devised. Two of these survived, 2 died vith 
minimal peritonitis hut with pneumonia at fifteen days and nineteen 
days after operation, and 2 died clearly of peritonitis two days after 
operation. 

Sxdfauxlumide.—This was similarly administered by T-tube, except 
that the doses given were 3.6 Gm. or sometimes 2.4 6m. The blood 
levels ran from 9 to 20 mg. per cent- 

Onc died in four days, 1 died in ten days, 2 survived. Percentage 
of survivors, 50 per cent. 

In addition, there were 3 dogs which received the drug by mouth 
which died in two days, six days, and nine days. It may be that further 
tests would have shown that this drug was as good as sulfathiazole, but 
tlie results so far as we went, even though the sulfanilamide blood levels 
were higher, were not encouraging. 

SvJfandamidc InfraperitoneaUy . — One dog received 6 Gm. about 
the appendix tip at the close of the operation, 5 received 9 Gm.. 1 re- 
ceived 12 Gm., and 1 15 Gm. The blood levels of the dogs receiving 
9 Gm. were 8, 16, 24, 34, 36 mg. per cent the morning after operation. 
By the following morning they had fallen to 1, 5, 4, 14, 20, respectively. 
Of the five dogs wliieli received 9 Gm., 4 died of peritonitis (2 in 
three days, 1 in eleven days, 1 in seventeen da.vs). One survived. 
Tiie dog which received 6 Gm. survived; those which received 12 and 
15 Gm. died in two da.v.s and three days. 

Total: 6 died, 2 survived. Percentage of survival, 25 per cent. 

Tlie sulfanilamide intraperitoneally was apparently more beneficial 
than the sulfathiazole intraperitoneally. though not as effective as cither 
when given and maintained by enteral administration. The appendix 
in tills group of dogs did not become the large soft dark red mass 
that it did in most of the othcr.s. It turned into a relatively dry gray 
gangrene, nor was the peritoneal fluid as offensive. 

E. roll Vocciur . — (Jiven intrapcriloncally the day before operation. 
It prodnecd a sterile bloody peritoneal fluid, which on smear was hardly 
tu he distinguished from that produced by baetragen, but wa.s di.stinetly 
less it) ;imoinit. One dog received .500 itillion and died as a result of 
the ane-sthetie (ef. Baetragen). 1 received 2.50 billion which killed him 
without operation, 1 reeeived 200 billion and died four days after the 
operation. 1 reeeived 100 billion and suiwived. Four others received 
100 billion total in two doses given twenty-four and four hoiir.s before 
o])eration plus 1:5 e.e, of E. rnli haeteriopliiige total in the two doses. 
One of these died as a result of the itijeetion. The others du‘<l within 
two days of o]ieration. 

Total; Died, 7; .survived. 1. Survival jtercentage. 12..5 jier eenf. 

/•,. roll p(t( tf riopAfif/i . — Two tlogs reeeived 10 e.e. of haeteriophage 
intraperitoneally at the etid of operation and .5 e.e. intravtuiously the 
neM ntftniine. Hotli were dead iti two days. 
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SuJfatliiazoJr.—YnvmK iiifdiods of administration were tried, but the 
onlj one that we found ])ractical in tlie dogs was the injection of a 
watery emulsion directly into tlie small intestine by T-tube. In this 
'\<iA they could not vomit it. They a])i)cared to absorb it at variable 
rates. We tried sodium snlfathiazole both cnterally and bj' vein, but 
found that tliis form of tlie drug was rapidly absorbed, giving very 
high blood levels, M'hich soon fell .sharply so that a eontinuous effect 
was not obtained. We finally came to giving two 5 Ctm. doses the day 
of o])cration, one immediately and one six hour.s after operation, and 
two or three similar doses on .snbseciuent day.s, depending on the ap- 
])arenl need for it. We seldom continued the drug for more than three 
days. The blood levels we obtained ranged from 0.5 mg. per cent to 8 
mg. ])er cent, but M’crc usually under 4 mg. per cent. Died in three days, 
1; survived, II. Pei’centage of survivoi-s, 91.7 per cent. 

There ivere thi'ee other dogs which i-eceived sulfathiazole while we 
were expeilmenting with the dosage and the route of administration 
of the drug, before u’e hit upon the T-tube method. Two received the 
drug in part by mouth and vomited an unlvnomi fpiantity of it. One 
of these showed a blood level of zero after receiving 9 Gm. in twenty-four 
hours. The other showed a blood level of 9 mg. per cent the day of 
operation, but thereafter received only sodium sulfathiazole by rectum, 
subcutaneousl.v, and intraperitoneall.v. These two dogs died in three 
and two days, respectively-. The third dog received chiefly sodium 
sulfathiazole by T-tube, achieving variable blood levels up to 25 mg. per 
cent. The drug was stopped on the fourth day as he seemed nearly 
well, birt he failed again after the tenth day and was sacrificed on the 
thirteenth day. He was found at autopsy to have diffuse peritonitis. 
As none of these three dogs received the drug in vliat we later found 
to be the correct method, we are reporting them separately, only for 
the sake of completeness. Were they included in the series, the survival 
rate would be 73 per cent. 


Sulfathiazole Tntrapcritoneally. — We gave 5 dogs 10 Gm. of sulfa- 
thiazole powder intraperitoneally at the end of the operation, and 1 
don- 12 Gm. This amount of powder was placed on and about the tip 
of the appendix after the usual lesion had been produced and the 
abdominal wound was ready to be closed. 

Died in one day, 4; died in eight days, 1; survived, 1. Total : Died, 
5- survived, 1. Percentage of survivors, 16.7 per cent. 

' fa pyridine. —'This was administered by T-tube into the intestine 
in the same manner and amount as was the sulfathiazole. The blood 
levels were about the same. 

Died in two days, 3; survived, 5. Percentage of survivors, 62.o per 


cent. 


"n f the 3 that died had extensive pneumonia and perhaps should 
One 01 series. In addition, there were sLx other dogs 

not be ® hv mouth or by %'ein before the T-tube method 

that received the aiu„ u.i 
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monlv cause peritonitis in man. We found that several substances in- 
jected intraperitoneally twenty-four hours before the organisms uould 
afford a limited immunity. AYe then took what seemed to be the best 
of these substances and compared their effect upon peritonitis in dogs 
with tlie effect of some of the sulfonamide drugs. The lesion produced 
in tlie dogs resembled that encountered in human beings, in that it was 
a peritonitis caused by a mixed growth of intestinal organisms emanating 
from a focus of gangrenous cecal appendage. It is significant that pre- 
operative immunization of the peritoneum had little effect upon this 
type of lesion. Y^hercas we cannot cxpre.ss the degree of effectiveness of 
the sulfonamides in terms of minimal lethal doses, we believe our experi- 
ments justify their further trial as preventive and curative agents for 
peritonitis in man. If there is any advantage in intraperitoneal use of 
the crystals of these drugs, as opposed to administration by other routes, 
we failed to demonstrate it. The evidence is rather to the contrary. 
However, the number of dogs used was not suffieient to .show conclusively 
which route of administration, or even which of the sulfonamide drugs, 
should be employed in human beings. These problems, we believe, should 
be solved by trial clinically. 

AVc believe our experiments have shown that there is strong evidence 
that the sulfonamide drugs, properly selected and administered, will be 
of use in lowering the death rate from peritonitis. There was also some 
evidence of benefit from preoperative injection of substances into the 
])eritoncal cavity in the effort to produce peritoneal immunity, but the 
benefit was slight and definitely Ic.ss than that affoixled by the sulfona- 
mide drugs. Tlicrc apiiears to be no benefit to be derived from pre- 
operative injection that cannot be better obtained from the sulfonamides. 

(ONCIA'SIONS 

1. A arious substances injected into the ))critoneal cavity of mice or 
guinea pigs will ju-oduce an immunity to ])eritonitis caused by subse- 
quent inlra]ieritoneal injection of inte.stinal organisms. 

2. Tile immunity aiijiears to be nonsiiccific in nature. 

fi. The degree of immunity against organisms as obtained from the 
intestimd tract or from i)us in the peritoneal cavity is usually of the 
order of ten minimal Ictlial dose.s. Only against strains of E. roli, 
whose viimlence had been artificially enhanced, did tlie immunity rise 
to the order of 1.000 minimal lethal doses. 

4. Tn experiments involving over 7,000 .animals, no ]>rotecting sub- 
st.uiee of unique value was found. The best ]>roteeting agents wei'e tlic 
irntjitive ones, siieli as tlie vaccines, jiotent sera, bactragen, or aleuronat 
and starch mixture. 

5. In does with generalized peritonitis followin': artificially produced 
acute gan'.:renons perforated aiqieiidieitis. the immunitv afforded by 
preoperative intraperitoneal injections of the best of the protecting 
ii'^ents was not suffieient to lower the mortality. 
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KiJ.MjtAKV 01 ' i;xri:mMT:N'i'.s with docs 

1. Acute Kfiii^M'ciious i)ci’foralc‘(l api)ciKlicilis was produced in dogs, 
w/ii(di resulted aiiparently uniformly in generalized peritonitis. 

2. ]*jiglity-.soven and one-lialf per cent of the untreated controls died 
of pei'itonitis. 

3. Preoi)erative peritoneal iirotection afforded by bactragen, E. coli 
vaccine or E. coh bacteriophage did not lower the mortality or sig^iifi- 
cantly ju'olong life. 

4. Sulfathiazoic ])Iaced in the i)ci‘itoneal cavity in the vicinity of the 
ap]>e7Klix was of little apparent bcjictit; sulfanilamide similarly used 
seemed to have .some value in lowering the mortality and in prolonging 
life. 

5. Enteral administration of sulfaj)yridine, .sulfathiazole and, less 
definitely, of sulfanilamide, was followed by a striking lowei’ing of 
mortality. In the case of sulfathiazole, the mortality fell to 8.3 per cent, 
compared to 87.5 ])er cent for the controls. Tlie mortality with sulfa- 
pyridine was 37.5 per cent, with sulfanilamide 50 per cent. 

6. The peritonitis in each ease cultured was found to be due to a 
mixture of organisms, among which the varieties commonly found in 
human peritonitis were predominant; viz., E. coli, enterococci. Cl 
H'clehii. These results are summarized in Table V. 

Table V 


o 

^ w 
o o 


b A 


y Q 


Conti ols 
Bnctiagen* 
Sulfntliia^olet 
(enterally) 
Sulfathiazole 
(intrapeii- 
toneally) 
Sulfap.vndinet 
SulfanilamicleS 
Sulfanilamide 
(intrapeii 
toneally) 

B. coh laceine 
Bacteiiopliage 


^ O a r-H g* tM . 


05 

o £ 

b ^ 

o 


05 


c Q 

U t'. 


ft 

ft -t' 

s ? 

ft ob 


g'' 


> 






l(i 

11 


(i 


1 


14 

10 


11 


12.5 

9 

91." 

16.7 


3 


62.5 

50 

25 


12.5 

0 


Four other 
ciiert on the 


'lo'i, , otlfori flisrupted wounds, clischargecl pus amt sunned , 1 othei died from 
..npithetic 1 other too sick folloninsr b.octragen to opeiate upon 

irrurpo others recened lultathiazole madeauatelj . They were the aist 3 to leceivo 
,t JrfJre thl proper dose n-as established. All died, see te^t 

Aopc received suIfsp^ ridine bv mouth; these survived, 
a sultepyridme b^^ ieinr-2 of these died on the second day, 2 

does receiiea smi iVjj^ gf pneumonia. 

"“tThree oOiers lecc.ved d.ue by mouth, drug not retained. One sunived. 2 died on 
theVvfh and ninth days 

DISCUSSIOX 

T + 1,0 pvneriments nitb mice and guinea pigs we attempted to render 
in Tiie - j inimnne to infection by the organisms that eom- 

the peritoneal caMil oui 



EXUDATIVE INTEESTITIAL NEPHRITIS (PYELONEPHRITIS) 
E. T. Bell, il.D., iliKXE vpolis, ilixx. 

(From the Depnrtmmt of Pathology, Untiertity of Minnewia) 

TNELAi^l NATIONS of the intei.stitial tissiies of the kidneys ave com- 
•l monly called pyelonephritis since in the majority of instances both 
the pelvis and the lenal parenchyma are invohed. But pyelonephritis 
is not always an accurate descriptive term since cortical abscesses 
occur not infiequently nithout involvement of the pelvis and a mild 
])yelitis may exist without notable extension into the parenchjmia; these 
conditions may be designated eoitical abscesses and pyelitis, respectnely 
One objection to the use of the tciiu inteistitial nephritis is that this 
name was foinierly applied to the contracted kidneys of chronic glo- 
merulonephritis and piimary hypeilension because of the secondary eon- 
dcnsalion of coullecti^e tissue about the atrophic tubules How'ever, 
the older terminology has been in disuse so long that theie will prob- 
ably be no confusion from the use of this aceurately descriptive term. 

The most impoitant feature of this group of renal diseases is that 
they arc e.iuscd by the lodgement of bacteria in the kidneys Olonier- 
ulonephritis and some of the tubular diseases are caused by toxic 
substances of baeteiial origin, but in exudative interstitial nephritis 
the bacterial bodies lodge in the kidneys and piovoke an inflammatory 
loiietion. The causative oiganisms may be lecovered from the kidney 
by cultuial methods 

\. C'OKTICIL \uscixs 

Coitical abscesses often extend into the pelvis and may then be ap- 
piot)iiately called pyeIone])hritis. Three anatomical types of eoitical 
su])i)ui ation ma\ be distinguished; vi/ , miiltiiile small abscesses, car- 
buncle. and iieriiiciihrie abscess. 

1 ^[ul(\pl^ small tths(rssis aie chiefly of aiiatomieal interest siiiee 
they are usually found in auto])sy material in assoeiation with staphy- 
lococcic bacteiiemia. ami theie may lia\e bi'eii no direct clinical e\i- 
deiice of their ])icseiicc. In patients dead of staphylococcic bacteriemia 
it Is not uncommon to find multifile small <•01^1001 abscesses which have 
not s(t extended to the fielsis The abscesses sary from niici oscofiic 
dimensions to a diametei of! cm ormoie. in sections of such kidney s 
it may oflin In (lefeimiinrl tlmt the abscesses begin in glonieiuli and 
then extuid into the adjacent tubular aii'as The bacteiin eiideiith 
lodge in tlie glomeriilai eafiillai ies wheie they aie attacked by fioly- 
moi |ihomieleai leucocytis In the tally staires numeioiis leucocytes 
pass tliioiigli the eloiminlar eapillaiies and are eauied thiough the 

f(ir rHl'llc'itli n \t rlt T. I**!! 
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fi. ill a pnralli'l si'i'ios of do^s, Iiowevcr, postoperative enteral admi 
istialion of the sulfonamide drugs, esjiccially sulfatliiazole, was followc 
by a striking lowering of mortality. Inti’ajieritoncal use of these dni; 
was loss ctTectivc. 

(. On the basis of this evidenee we recommend the use of the sulfom 
midos clinically but do not recommend the use of preoperative injeotion: 
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nephritis. Pyelonephritis occurs both with and without obstruction of 
the urinary tract. If simple renal abscesses without pyelitis be ex- 
cluded, the obstructive type is about twelve times as frequent as the 
nonobstructivc but attracts less attention since the renal symptoms are 
overshadowed by the ma.i’or illness responsible for the obstruction.^ 

In our 32,360 autopsies there were 1,229 cases of hydronephrosis of 
varying degrees of intensity, and 60 per cent of these (7-14: cases') 
showed pyelonephritis. In Table I those cases arc arranged with re- 

T.uiia; I 


Hii.ateum, .vni) U.n'ii.atebm, Hydrokemikosis Showing Frequency or Renal 
Infection in Different Etiological Groups 



.VUAtBEK 1 
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30 

30 
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o7 


GS 

oO. i 

Urcttiral otistruction 
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Carcinoma of prostate 
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32 

S3.0 

Carcinoma of liladder 

70 
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S2.0 
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22 

2(> 

‘^3 

61.0 

Kxtcrnal iirotcral ohstniction? 

57 

109 

S5 

SI 

4li.O 

Paralvtie, spinal cord 

77 

35 

109 

«1 

o 

0^,7 

Paralyfic, eongeiiital 
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6 

22 

7 

17.0 

Total 

708 

431 

SilO 
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sped 1o the cause of the hydronephrosis, and the percentage with 
pycioneiihritis in each group. In the .same autop.sy material there were 
only 64 cases of pyelonephritis without hydronephrosis. 

ROUTE OF INFECTION 

I. .■l.scfiirfiiif/ hifccdonx . — It will be noted in Table I that obstructive 
lesions of the urethra, bladder, and prostate produce infection of the 
kidneys about twice as frequently as obstruction of the ureters above 
the liladder. Olistrnetions which di.stond the bladder arc almost in- 
variaiily associated with cystitis, the ureteral orihces tend to become 
dilated and there is opportunity for reflux of infected urine into the 
ureters. These facts suggest that ascending infection plays an impor- 
tant role in the development of jiyelonephritis resulting from obstnic- 
limi Ilf the lower urinary tract. On the other hand, when the block 
is in the ureter aliove the bladder, it is dilhcnlt to understand how 
ascciidiiifr infection can occur. 

I.xperinientally ])yelonepliritis may be produced in rabbits by infro- 
ducin*.; intcctiou into the bladder and then obstnieting the urethra ; in 
dogs it may lie produced without ob.struetion by infeetinir the bladder 
and eiittiiig the nrelerai orifices .so llial they remain open ((Iniber and 
Uabinoviteh 1. 

In luw urinary tract infeetimis in man the nreters and flic bladder 
f-.nn a emiimim ehamber, as the result of dilatation of Hie ureteral 
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lul)ulos loAvarcl the pelvis. I'he liihii]e.s associated with infected glo- 
meruli are tilled with polyniorjdionucicar leucocj'tes. It is probable that 
l)acteria arc carried in this way through the tubules to the renal pelvis. 
When the tubule becomes ])luggcd with leucocytes, the infection spreads 
beyond its lumen into the adjacent tissue. This is the reason we so 
often see sti’caks of suppuration extending radially from the apex of 
the pyramid to the corle.x. 

A microscopic seel ion thi’ough a small ab.scess shows a central mass 
of cocci surrounded by a zone of necrosis bcjmnd which is a dense wide 
zone of polymorphonuclear leucocytes. The central necrosis is caused 
by the necrotizing toxin liberated by the staphylococci. In absces.ses 
of .subacute oi' chronic course the polymorphonuclear cells may be re- 
placed partly or entirely by macrophages or lymphocytes. 

As stated above, multiple small abscesses are found most frequently 
in eases of frank staphylococcic bacteriemia, but thej' are also frequent 
in those dead of diabetic coma and are seen occasionally in other dis- 
eases ill which there ■i\’as no clinical evidence of renal disease. Appar- 
ently these abscesses are caused by Bacillus coU and staphylococci and 
the infection evidently reaches the kidney through the blood stream. 

Although no direct evidence is available, it is highly probable that 
small abscesses may heal leaving as residues only small scars or lympho- 
cytic infiltrations. 

2. Renal Carbuncle . — Carbuncle I'efers to a large multiloeular honey- 
combed abscess. Good descriptions have been given bj'' Brady, O’Conor, 
and Patch. The lesion is much more often unilateral than bilateral. 
The patient exhibits symptoms of a septic infection Avith localizing 
.signs in the region of the involved kidney, but there is commonly no 
pyuria. 

Usually an obvious source is demonstrable, a carbuncle, furuncle, or 
cellulitis of the skin. A feAV cases follow sore throat. Staphylococci 
are found in the carbuncle. The infection may break through the i-enal 
capsule to form a perinepludc abscess. 

Brady, v'ho collected ninety-five cases from the literature, recom- 
mends drainage rather than nephrectomy. 

3. Perinephric abscess refers to suppuration about the kidney out- 
side of its capsule. It is Avidely belicAmd that perinephric abscesses 
alAvays represent an extension of a cortical abscess tlu'ough the renal 
capsule, but Vermooten maintains that they may deAmlop outside the 
renal capsule and are not extensions of a cortical suppuration. The 

tioloo-y is the same as that of cortical abscess. Surgical drainage is 
Lually recommended, especially Avhen the kidney is not extensively 

desti oyed. ^ fyeloxephritis 

Aiioritv of infected kidneys shoAv^ involvement of both the pelvis 
, nd 'the parenchyma and may be appropriately designated as pyelo- 
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from 60 to 80 per cent (Calmt, Cuh-er anti co-Avorkers, Haslinger, Hell- 
stroni). The remainder are due chiefly to .staphylococci. The authoi-s 
have not distiirguished. obstructive aird nonohstructive forms in their hac- 
tcriologie .studies, and we therefore do not know the proportions of colon 
and .staphylococcic infections in the two groups. However, it is clear 
that in the nonohstructive group, which comprises about 8 per cent of 
the pyelonephvitides, the staphylococci are chiefly responsible smee the 
infection usually originates in a known staphylococcic lesion such as a 
furuncle or carbuncle (Ne.sbit). Di.screte cortical abscesses are due to 
staphylococci, but diffuse inflammations are more often caused by colon 
bacilli. Frequently a colon bacillus infection is .superimposed on a 
staphylococcic inflammation. 



I’ ip 1. — Pif^trUnUion of h\ dron<*pUro«is in autop<;if^s ficconllnp to npo nnd pox. 


A. onsTiu't'Tivi: typp: 


Sjimploma . — Tn pyelonephritis as.sociatcd willi obstruction the clin- 
i''al pietnre is usually dominated by the disease responsible for the 
hydrouepUvitsis sueh as hypevtnvphy of the prostate, earcinoma of the 
bladder, aiui carcinoma of the uterus, inil evidences of infection (fevci'. 
leucoeylosis. pain or tenderne.ss in the region of the kidney.s, etc.) may 
l)e superimimsed on those of the major illness. 


1 !u' age and sex distribution of the ohstruetivo t.vpe of pyelonephritis 
ejirrosponds to that of hydronephrosis (Fig. F). During the third, 
lourth, liftli. ami sixth d<'eades it ]>redominales in females heeaiise of 
pregnam-y ami eaivinoma of the uterus, hut after that lime there is a 
great prepi>mleram-e in males ehietly hee.-m.se of ]>ros1:itie disea.se. 


Die pyeloue)>hrilis of preguaiiey exhibits s]>eeial features. Hydro- 
m phrosis of some <iegive is nearly always present during lu'cgnanev 
ami this predisposes the kidneys to hematogenous iiifeetion. About 1 
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olifice.s. Upon coni ivict ion of tlie bladder infected iirine is forced into 
the nreters, and the Ijacteria may be transported to the pelvis of the 
kidney by meclianieal dissemination through the urine, I)y to-and-fro 
movements, or l)y the motility of the organisms; e.g., colon bacilli. 

When the infection reaches the renal pelvis, it produces pyelitis, and 
in the earlier stages a direct extension of the inflammation into the 
niedullaiy pyramids may be seen. Tlie infection may spread directly 
from the niuoosii into the renal pareneiiyma or if maj^ reach the par- 
enchyma through minute tears of the mucosa "irhich result from pelvic 
distention. In rctrogj'ade pyelograms it is sometimes noted that the 
radiopaque substance escapes into the peripelvic tissues (pyelointer- 
stitial or pyelovenous reflux), and it is believed that this mechanism 
comes into play in obstructive hydronephrosis. In animals substances 
in.iected up the ureter under pressure pass directlj^ into the veins 
(pyelovenous reflux), and the veins of the kidney may he readily in- 
jected through the ureter. 

In the early stages ascending a!id hematogenous pj'elonephritis may 
be distinguished by examination of the kidneys, but this distinction 
can seldom be made in the advanced stages. 

2. Hematogenous Infections . — Pyelonephritis developing in the ab- 
sence of urinary obstruction is generally believed to be of hematogenous 
origin. In the case of ureteral obstructions (Table I) the infection is 
also presumablj’’ hematogenous since none of the factors which favor 
ascending infection are present. It is possible that the infection reaches 
the kidney through the blood .stream in some cases Avith low urinary 
obstruction. It is known that a positive blood culture may fi’equently 
be obtained after ojAerations on the lower urinary timet, and even after 
catheterization (Scott, Young). The urethral chill is attributed to 
bacterieinia. 

It is well established that hydronephrosis predisposes the kidney to 
hematogenous infection. If the ureter of one kidney of a rabbit be 
ligatured and staphylococci be injected intraA'enously after forty-eight 
hours, it Avill usually be found that multiple abscesses develop in the 
obstructed kidney but not in its norma! mate. It is therefore easily 
possible that bacteria from the infected bladder enter the blood stream 
and thus reach the cortex of the hydronephrotic kidneys. 

3. Lymphogenous Infections . — A feAV wiiters have supported the view 
that infection spreads from the bladder to the kidney through the peri- 
ureteral lymphatics (Eisendrath, SAveet and Ste\A'art). The chief cA-i- 
dence'in support of this hypothesis is the pi-esenee of a lymphocytic 
xudate in the outer Aimll of the ureter. Thi.s finding is, however, more 

dily explained as a chronic ureteritis similar to a chronic pyelitis. 


nACTERIOLOGV 


T -1 - 11 Avriters agree that colon bacilli are responsible for the 

^Tmajority of iufecrions of the urinary tract, the estimates A-arying 
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from 60 to SO per cent (Cabot, Culver and co-^vorkei's, Jffaslingei, Hell- 
sti’oni). Tlie remainder are due chiefly to staphylococci. The autlioi'S 
liave not distingiiislied obstructiA-e and nonobstructivc forms in their bac- 
teriologie studies, and ve therefore do not know tlie proportions of colon 
and staphylococcic infections in the two groups. However, it is clear 
that in the nonobstruetive group, Avhieh comprises about 8 per cent of 
the pyelonephritides, the staphylococci are chiefly responsible since the 
infection usually originates in a knoAvn staphylococcic lesion such as a 
furuncle or carbuncle (Xe.sbit). Discrete cortical abscesses are due to 
.staplo'loeoeci, but diffuse inflamniation.s are more often caused by colon 
bacilli, frequently a colon bacillus infection is superimposed on a 
staphylococcic inflammation. 



A. OtrSTBUCTIVE TVPl'; 

>S;/mp|«i)i.s. — In pyelonephritis associated with obstruction the clin- 
ical picture is iisually dominated by the disease responsible foi’ the 
li\ droneplirosis such as hypertrophy of the prostate, carcinoma of the 
bladder, and carcinoma of the uteru.s, l)ut evidences of infection (fever. 
Icucocytosis. imin or tenderne.ss in the region of the kidneys, etc.) mav 
be sU()crimi)osed on those of the major illne.s.s. 

The age and sc.n distribution of the obstructive type of pyelonephritis 
eonvsponds to that of liydrouephvosis (Fig. I). During the third, 
fourth, litib. and sixth decades it predominates in females becau.se of 
l>regnancy and carcinoma of the uterus, but after that time there is a 
great prci>oiiderance in nudes eliietly because of itrostatic disease. 

the i>yclonc]diriiis of tn-cgnaiicy exhibits siieci.'d features, llvdro- 
m pbrosis of .some des;re<> is nearly alw.ays prc.scnt dtiring pregilancv 
and tins prcdispos. s the kidneys to hematogenous infc,.|ion. ..\I)ou( 'l 
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]j('t cc*ii( ot ]>i'e‘iiiiinl women dovcloj) ]iyelili.s. In JleLane’.s antc-partum 
.series oi 98 cases, fiO developed pyelitis during the third trime.ster, 35 
in the second, and 3 in the first. In 232 cases von Illyes found 145 on 
the right, 48 on the loft, and 39 bilateral. Onlj’ a few patients give a 
history of pyelitis in childhood. The chief symptoms are chills, fever, 
leucocytosis, venal pain, and pyuria. By means of drainage and chemo- 
therapj’ most of the patients niaj”^ be cured before the onset of labor, 
but about 15 to 20 per cent of the cases result in aboi'tion or premature 
delivery, d'he maternal mortality is about 3 per cent. 

Pyelonephritis during the puerperal period is somewhat Ie.ss frecpient 
than dui’ing pi-egnancy and generally develops during the first week. 
P.yelonephritis oceasionallj’^ recurs during a .subsequent pregnancy, hut 
there is no satisfactory evidence that it causes toxemia. Barely the 
p.velonephritis of pregnancy continues as a chronic pyelonephritis, but 
we have no example of this in our collection. 

In the j)aralytic and congenital types of hydi’onephrosis the associ- 
ated pyelonephritis is easily recognized clinically. In all forms of hy- 
dronephrosis infection destroys more or less of the renal parenchyma 
and hastens the onset of uremia. 


B. NONOBSTRUCTIVE TYPE 


This form may be called hematogenous or descending pyelonephritis, 
and it is what clinicians usually have in mind when thej' speak of 
pyelonephritis. As pointed out above, however, the obstructive type 
is twelve times as frequent as the nonobstructive in autopsy material. 
There is usually no difficulty in distinguishing the two types at autopsy, 
but in chronic nouobstructive cases the shrinkage of the cortex may 
produce some enlargement of the pelvis and an associated inflammation 
of the ureter may cause a partial mechanical or paralytic obstruction. 


1. Acute Hematogenous Pyelonephritis . — Tliis lesion blends with cor- 
tical abscesses to such an extent that no sharp separation is possible. 
I have grouped under this heading only the cases in which cortical 
abscesses were associated with gross involvement of the renal pelvis 
and have classified all cases of less than four mouths’ duration as acute. 
There are a large number of eases of cortical abscesses in our autopsies, 
but there are only 50 good examples of acute pyelonephritis. 


dflie chief symptoms are fever, renal pain and tenderness, dysuria, 
tenesmus, pyuria, leucocytosis, and anemia. Weiss and Parker found 
the disease relatively common in early childhood, during pregnancy, 
and in old age. In children malformations in the urinary tract are a 
contributory ”eause, and in older .sub,ieets diabetes is often a predis- 
posing influence. The progno.sis is usually favorable. 

^ B ferriim to the 50 fatal cases found in our autopsy records it is 
^ +1 ° lint there was usually an a.ssociated disease, u.sually of 

"ITo* -hi* O'"" 
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shadowed to some extent the symptoms referable to the kidnevs. For 
convenience these 50 cases will be divided into four groups v ith i c- 
speet to age. 

(a) Children Under 1 Year of Age. — T here are T cases in tins group, 

3 males and 4 females; the ages being 1 month, 2, 2, 3, 4, 7, and 9 
months, respectively. Two patients bad otitis media and meningitis. 

1 had mastoiditis. 1 had pharyngitis, and 1 had an initial upper respira- 
tory infection. In the 2 remaining cases there was no disease other 
than the pyelonephritis. The dui’ation A'aried from ten to thirty days. 
The blood pressures were not recorded. At autopsy in each case both 
kidneys showed cortical absce.sses ivith extensions into the peli'es. 

(b) * Children From 1 to 10 Ye.\bs Old.— There were 4 cases in this 
group, 3 females and 1 male, the ages being 2, 3, 6, and 8 years, re- 
spectively. The dui’ation varied from one to three weeks. The com- 
plicating infections in 3 cases were acute osteomyelitis, meningococcic 
meningitis, and acute enterocoliti.s. respectively. In the fourth case 
there was a moderate unilateral hydronephrosis of undetermined cause 
which may have been the initial site of the infection. The blood pres- 
sures were not recorded. At autopsy the kidneys showed bilateral 
abscesses and suppurative pyelitis. 

There is an extensive literature on acute iiyelonephritis in children. 
Prior to 1909 it was generally regarded as a pyelitis on the assumption 
that the renal parenchyma was not involved. In 1909 Thomson and 
McDonald reported 25 eases, 21 girls and 4 boys, with 21 recoveries. 
In 2 autopsies on boys, aged 4 and 7 months, they found cortical sup- 
puration as well as pyelitis. In 1910 Thiemich reported 7 autopsies, in 
() of which there was infection in the renal parenchyma. 

Wieland. in 1918. described 45 cases with 4 deaths. There were 35 
girls and 10 boys. In mn-sing infants the sexes were about equal, but 
all of his jiatients over 3 years old were girls. The predisposing causes 
were respiratory and intestinal infections, and B. coU was the organism 
usually found. Chown, in 1927, reported 21 autopsies on children 
under 2 years of age, all with parenchymal lesions in the kidneys. 
The sexes were about efiual. and B. cnli was the only organism found. 
Twelve of the 21 eases had infection outside the kidney.s. Tlie disease 
was liilateral in 12 instances, on the right in 0. and on the left in 2 cases. 


It is now generally agreed that the pyelitis of ehildren is pyelo- 
nephritis. In most instanees it is secondary either to some obvious 
focus of inleetion elsewhere or to a resiiiratory or intestimd infection. 
The majority of tin* patients recover, but a few die and a few develoji 
ehronie ]\velone])hritis, Chronieity is favored b.v any anomaly which 
prevents ilrainage of the kidneys. With modern methods of ti’catment 
the pereentagi' of recoveries should be notably increased and the dura- 
tion of the illness .shorti'iir'd. 

Wliartoii. (tray, and (Jnild made a careful stmly of 3.0 girls aiui 
jonng Women trom .5 to 1-1 years after acute jiyelitis in childhood. One 
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Jiad se\'ei-e c'hroiiic pyoloncphi'ilis, and 16 others had slight but definite 
abnoriiinlities in tlic urinary tract but no symptoms. One had a re- 
cuiience of pyelitis during pregnancy and another went through preg- 
nancy without difficulty. 

(c) PjiR.soNs Froji 30 TO 40 Years of Age. — T here are 10 cases in 
this group, 8 females and 2 males, the ages being 17, 22, 23, 24, 27, 29, 
29, 32, 34, and 34 years, respectiA'ely. The duration A’aried from two 
Aveeks to tAvo months. The predisijosing cause in 4 patients, 1 of Avhom 
Avas a boy 17 years old, Avas diabetes. In 1 patient the renal infection 
folloAced a peritonsillar absee.ss, and in another it Avms the outcome of 
puerperal endometritis. In 3 instance the disease folloAved an upper 
respiratory infection. Monocytic leueemia Avas the cause of 1 death in 
this group. Apart from the 4 eases of diabetes and the 1 of monocytic 
leueemia death A\’as apparently due to uremia and this Avas established 
by the high blood ui’ea nitrogen in 2 instances (urea nitrogen, 161, 173 
mg. per cent). In 2 eases one kidney Avas remoAmd shortly before 
death, but the infection continued in the other kidney and uremia 
dcAmloped. The disease Avas bilateral in each of the 10 eases. 

Blood pressures AA^ere recorded in 6 of the 30 cases. In 4 patients 
the highest systolic pi-essure AA'as 130 mm. Hg. In one the pressure Avas 
148/96, but no kidnej^ tissue aa'us aAmilable for microscopic study. In 
another the pressure ranged from 100/64 to 150/90, and no renal arteri- 
olosclerosis AA’as found. 

(d) Persons Oa'er 40 Years of Age. — There are 29 cases in this 
group, 12 males and 17 females. TAA’enty-three Avere bilateral and 6 
unilateral. The causes of death in the bilateral group AA’ere as folloAA'S ; 
uremia, 8 cases ; diabetes, 6 eases ; and 1 each of pyemia, carcinoma of 
rectum, carcinoma of tongue, pernicious anemia, prostatic abscess, sup- 
puratwe arthritis, cirrhosis of the liA’er, primarj’ hypertension, and 
chronic glomerulonephritis. The duration of renal symptoms A'aried 
fro2n tAVO Aveeks to three and one-half months. The inA’olA’cment of the 
kidneys Avas usually severe, but in only 9 cases A\ms renal insufficiency 
tbe major cause of death, and 1 of these AA-as complicated by chronic 


glomerulonephritis. 

The blood pressures Avere recorded in 13 of the 29 eases. In 5 of the 
13 eases the systolic pressure Avas 150 mm. Hg or higher, the loAA’est 
being 150/100 and the highest 180/90. Four of the 5 cases A\’ith hyper- 
tension had renal arteriolosclerosis. Therefore Ave need not believe 
that hypertension in acute pyelonephritis is due to the renal infection. 
AAf^Jcc -ind Parker found only 1 instance of hj-pertension in their pa- 

rnts Avith acute pyelonephritis. 

2 CJiro 7 iic ffemaioffenons Fi/etonep/infts.— Infections of more than 
fno'v months’ duration may be classified as chronic. In this discussion 
th onobstructive type is considered. The .symptoms vary AA'ith 
only tne n disease. Frequently there ai-e acute exacerbations 

the severity o anviim Avhich the .symptoms are more pronounced, 

at irregular intervals aiiim„ 
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During cxaceriiations tlierc are commonly fever, leucocytosis, renal ten- 
derness or pain, nausea, pyuria, etc. In the intervals between acute at- 
tacks and in chronic forms of low intensity there may he only a low- 
grade fever, a loss of appetite or fatigability. PjTiria is found only 
during exacerbations. 

The disease may per.sist for many years before death is brought 
.about by uremia or infection. 

In the literature "chronic pyelonephritis” is applied almost exclu- 
sively to contracted kidneys, but a marked .shrinkage of the kidneys 
is not a necessary feature. When death results from an acute exacer- 
liation of a chronic infection, the kidnej'S may be of increased size 
(Case 9, Table II). 

Taiii.e II 
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must include types ol disease wliich we liave classified as hydronephrosis 
and unilateral dAvarfed kidneys. In our 32,860 autopsies there are 
only 34 cases of ehi'OJiic bilateral pyelonephritis of the nonohstmetive 
fypC) nnd only 8 of these Avere typical bilateral conti’acted kidneys, 
'file disease is more eommon in females than in males. 

T-he macroscopic changes in the kidneys are chai'acteristie and liaA'e 
been Avell described by Staemmler and Pfeiffer. The external surfaces 
.shoAA' coarse sunken areas separated by islands of persistent cortex 
(Pig. 2, 1). The sunken areas are regions of marked cortical atrophy, 
and the elcA’ated areas are portions of intact cortex. The extent of the 
atrophy" of course may" be greater in unilateral than in bilateral disease. 
The thin cortices of the kidneys giA’c an impression of hydronephrosis, 
although there is'little or no enlargement of the pelA"es. 

In the atrophic areas there is a dense ly'mphoeytic infiltration espe- 
cially marked in the medulla. The cortex corresponding AA’ith the in- 
filtrated medulla may" shoAc some ly'mphoeytic exudate but the principal 
change is atrophy". The first stage of the disease is a cortical inflam- 
mation AA-ith a spread of the cellular exudate from the cortex into the 
medullary pyramids. As a result of destruction of tubules the corre- 
sponding cortical segments undergo a sIoav disuse atrophy Avhich re- 
sults in the formatio 2 i of lai-ge deep cortical depressions. The infiltrate 
usually" has a patchy" distribution leaA'ing areas of normal parenchyma 
betAA'een the atrophic portions. Tlie amount of persisting parenchy"ma 
in a pyelonephritic contracted kidney" naturally" depends Aipon the ex- 
tent of the original inflammatory exudate. 

In bilateral forms of pyelonephritis death occurs before atrophy has 
reached the extreme degree that is found in unilateral cases. The 
atrophic cortical areas are interspersed AA"ith normal tubules and glo- 
meruli. The completely" atrophied segments are composed almost entirely 
of hyaline glomeruli and atrophic tubules (Fig. 2, 2). 

In unilateral disease the atrophy may become extreme, and in such 
instances the thin cortex may consist only of hyaline glomeruli, small 


tuljules filled AA"ith casts, and atrophic arteries (Fig. 2,3). 

The arteries supply"ing the atrophic segments of the kidneys shoAV 
thickened AA'alls (Fig. 2, 3 and 4) and this appearance has been mis- 


taken for primary arterial disease (Weiss and Parker). But this A"as- 
cular change is a disuse atrophy, an ad.iustment of the lumen of the 
A'cssel to its decreased blood Aoav. Microscopic examination of medium- 
sized arteries shoAVs that the intimal thickening is due to reduplication 
of the internal elastic lamella. One Avould expect this to be a eollag- 
° ous intimal thickening, as in the Jores type, but it is ela.stie tis.sue. 
It is independent of hypertension since it occurs in chronic pyclo- 

nenhritis with normal blood pressure. 

T d’suse atrophy the small renal artenes and arterioles shoAv thick 
AvaUs chiefly' the result of contraction The internal elastic lamella m 
nM reduplicated but shows very marked folding corresponding with 



BELL; EXUDATIVE INTERSTITIAL NEPHRITIS 


271 


the decreased size of the lumen (Fig. 3, o). The most conspicuous 
alteration in these vessels is medial fibrosis, the smooth muscle being 
partly replaced by collagenous fibers. In chronic glomerulonephritis 
the afferent arterioles of hyaline glomeruli shoAv .small lumina and 
their walls have a semihyaline appearance (Fig. 3, 6). With the 
azocarmine stain it is seen that this homogeneous appearance is due 
to medial fibrosis (Fig. 3, 7 ). There is no intimal change. Occasion- 
ally in disuse atrophy the small arteries show collagenous intimal 
thickening. 
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SUKOHRY 


Weiss !nKl Parker clescrii)ed several cases of pyelonephritis with the 
vascular ehaiifrcs of malignant hypertension, hut it is highly improb- 
able that there is any causal connection between these two diseases. 

nnooD i’Ric.ssuui: ix chronic uvrcoNEPiiRiTis 

1. Bilaicral PijchmcphrUis . — Several writers have noted that bilateral 
pyelonephritis is occasionally accompanied by hypertension. Ilaslinger, 
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1928, found no noteworthy increase of blood pressure, but Staenimler 
as well as Pfeiffer found the pressure elevated not infrequently. 'NYeiss 
and Parker found hypertension in about 50 per cent of their patients, 
but these investigators have confused their records by the inclusion of 
several obvious cases of malignant hj'pertension. 

Longcope, who is often quoted on this topic, stated that the blood 
pressure is seldom elevated during the early stages of the disease, but 
tliat hypertension was present in 10 of 15 advanced eases. But of the 
10 cases witli Inqiertension 5 had renal arteriolosclerosis and 1 had 
chronic glomerulonephritis. 

Crabtree is not impressed with the frequency of hypertension in 
chronic pyclonephriti.s, since onlj' 2 of 30 women with this disease 
under his observation had hjq^ertension. 

The blood pressure was recorded in 12 of our 14 eases of chronic 
bilateral pyelonephritis (Table II). Hypertension was present in 5 
eases, but 1 of these (Case 3) also had chronic glomerulonephritis, and 
another had severe renal arteriolo.sclerosis (Case 6). In Case 12 there 
was a 'terminal acute tbromboarteritis which was pre.sumably respon- 
sible for the hypertension. The size of the hearts, as shown in Table 
II, is evidence that none of these patients had a prolonged severe ele- 
vation of blood pressure such as occurs in primary hypertension; the 
only instance of cardiac hypertrophy was in the case of chronic glo- 
merulonephritis (Case 3). 

It may therefore be said that moderate hypertension occurs occasion- 
ally in uncomplicated chronic bilateral pyelonephritis, but a severe 
prolonged hypertension with cardiac hypertrophy in this disease is 
usually due to a complicating Ic.sion .such as chronic glomerulonephritis 
or renal arteriolosclerosis. 

An illustrative exanqile of chronic bilateral pyelonephritis with con- 
tracted kidneys is as follows: 


C.\KK 11 (Tiililo 11). — A niiirrioU wonmii, IS years of age, «a.s fir.st .‘•oeii on March 
Ihi, 1040. She gave a hi-.tory of an attach of “hiilney troiihle" fourteen years 
previously. Tnn years ago she had another attack eharaeterired hy heavv albu- 
minuria. For tiu' ]iast “ix inontlis she had eomphiined of poor appetite and lo.S'! 
of weight. Her lilonil irre-sure on admission was II.I/Im mm. Ilg. There was heavv 
alltuminuria ami many pus cells were found in the urine. The two hour excretion 
of phenolsulphoneiihthalein was 7 jier rent. Nonprotein nitrogen was tin mg. per 
feat. There wa- a normoehromie anemia with 2.70(1.00(1 erythroevtes and 10.0 Gm. 
of hemoglohin. The temperature was !•■)» V. On -May 1!>, HHO, tlie nonprotein 
nitrog<m wa» SO mg. per rent. Heath weurred May 2S, li'lO. 

.lotopei;.— There was no edema. Tlie heart weighed lOO Gm. Fatty metamorphosis 
of the luer wa« present. Faeh kidney weighed -10 Cm. and showetl granular surfaces 
and thin eotliees, Tlie peUi- and ureti-rs njipeared normal. 

Mierosropie study of the kidn.ws .showed a heary lymphoe\tie infiltration, es- 
pis-iallj m-irk.sl in the a.edullary and .leep eorti.-al areas. Tli’ere was widespread 
Uilmlar ntrophj and tnosi of the ghnnernli were Inaline i Fig. 2. £). There were 
small islands of normal ghm ernli nn.l tnlmle-. The arteries showed the changes 
elmracten.tie of atropha. There was no hjnline arteriolo-eleri.s;-. 
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A ease illiislraling a complication with chronic fflomerulonephritis is 
as follows : 


Cask 3 (Table II). —A male, 25 years old, known fo have had albuminuria at 
tile ago of lu jear.s and noeturia for many years. He has had poor health for the 
pa.st eighteen months and defi7iite renal disease was recognized fourteen months 
before death. Upon admission, eleven days prior to his death, he was drowsy and had 
a uremic odor on his breath. The blood pre.ssure wa.s 157/88 and 152/94. Hemo- 
globin, 58 per cent; erythrocytes, 2,.500,000; leucocytes, 10,800. Albumin, 
specific gravity of urine, 1012. During a ten-day period with an average fluid in- 
take of 2,320 e.c. the average amount of urine daily was 940 c.c. Blood urea 
nitrogen, 200 mg. per cent; creatinine, 21.7 nig. per cent. 

At autop.sy there was a slight dependent edema. The heart weighed 425 Gm. and 
showed left ventricular hypertrophy- and moderate coronary- atherosclerosis. The 
right kidney- weighed 75 Gm. and the left 43 Gm. The pelves and right ureter were 
dilated, but the left ureter wa.s of normal size. There was no obstruction in the 
urinary- tract. The cortices of both kidneys were markedly- atrophic and the e.v- 
ternal surfaces wore covered with coarse depressions. 

Microscopically- the kidneys showed a heavy lymphocytic infiltration especially in 
the medullary portions. There were small scattered areas of persistent normal 
glomeruli and tubules but the great majority- of the tubules were very atrophic and 
their glomeruli were hyaline. Many- of the hy-aline glomeruli showed evidence of an 
old proliferative glomerulonephritis, but the greater part of the atrophy was at- 
tributable to the heavy- lymphocytic infiltration. The arteries and arterioles showed 
no changes except a moderate disuse atrophy-. 

The interpretation was that of a chronic pyelonephritis associated with chronic 
glomerulonephritis. 


2. Unilateral Pyelonephritis.— In our autopsy- records there are 94 
cases of unilateral dwai-fed kidney, but aside from 8 cases of true hypo- 
plasia and 14 examples of unilateral polycystic disease it is usually 
intpossible to determine the cause of the atrophy with certainty. In a 
few cases there was a lymphocytic exudate suggesting pyelonephritis, 
Init in the vast majority there was no evidence of inflammation. With 
the exception of the cases of true hypoplasia and cystic disease the 
only change was atrophy, and the thick-walled ai-teries were evidence 
that the kidney originally had been much larger. In some instances 
it appeared that hydronephrosis was responsible for the atrophy and 
ill other eases atherosclerosis of the large arteries wa.s suggested. 

None of the 94 cases was a "surgical” kidney in the sense that it 
was producing local symptoms. In the great majority the atrophy was 
so extreme that little or no functioning parenchyma remained. 

Recently the chief interest in unilateral pyelonephritis has centered 
1 ut its sxipposed relation to hypertension. Several eases have been 
° -ted in which a previously high blood pressure returned to normal 
repoi diseased kidney-. At fir.st it was only atrophic 

] 'itis that was supposed to cause hypertension, hut now many 
pyelonep type of low-funeffoiiing or nonfunetioniiig 
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kidncv may produce hiuli blood pressure. !Mulholland expressed the ex- 
treme view that all cases of hypertension should he studied urologically. 

The theoretical argument for nephrectomy in hypertension with uni- 
lateral renal disease is based upon Goldhlatt’s experiments on dogs in 
which ho showed that constriction of one renal artery usually causes 
moderate hypertension. The hypertension produced in this way is, 
however, not severe and does not per.sist permanently as it does when 
both renal artci’ies are constricted. It is believed that the ischemic 
kidney secretes renin which causes elevation of blood pre.ssure. A very 
imiiortant feature of this experiment, frequently overlooked, is the 
fiict that if the constriction of the arteiy is severe enough to produce 
atrophy of the kidney, the blood pressure will return to normal after 
the ati-ophy is well advanced. In the experiment which Pedersen and 
I performed, viz., ohstruction of one renal vein, the blood pres.sure 
returned to normal after two months and it was found that the ob- 
structed kidney was markedlj- atrophic. In 2 dogs with bilateral con- 
sti'iction of the renal arteries, which I have studied, the blood pressure 
was high for over eighteen months but then fell to normal levels and 
remained .so for about one year before the animals were killed. At 
autop.sy in each case one kidney had developed a collateral eirculation 
and was normal M-hile the other .showed extreme atrophy. There is 
extensive lymphocytic infiltration and the only persistent parenchyma 
is represented by groiqis of small tubules filled with casts (Fig. 3. S). 
These atrophic kidneys in the dogs were evidently incapable of pro- 
ducing renin, and it may therefore be argued that human atrophic 
kidneys with minimum amounts of parenchyma arc likewise incapable 
of producing renin. There is no feature of the Goldblatt experiment 
which justifies the removal of a completely atrophic human kidney. 

The literature concerning the efifect of nephrectomy on hypertension 
is sumiiuirizcd in Table 111. Twenty-five cases are recorded in which 
a small kidney with little or no function was removed in the hoj)c that 
a fall of blood pressure nould re.sult. Cases 2. 13. l.o. and 10 cannot 
be considered cured since the iluration of the ])ostoperative period of 
normal blood ])ressure was not given. .Similarly Cases b, 0, and 14 
must be omitted from consideration .since the period of observation 
was too short. It is well known that nonsi)ecifie operations such as 
hysterectomy often cause hypertension to subside for several months. 
The former t)riieliee of extnieting teeth ns treatment for hyjterlension 
was h:ised upon the observation tlnit a temiiorary fall of blood pres- 
sure fre<|uently resultt'd. 

In Case IS the evidence of hypertension is hardly satisfaetorv and in 
( .'IS*' 1!) the markdl variation in the jireoperative blood pressure throw.s 
dou\>t tqwm the result. There are only .7 eases (Cases 3. 10. o], 23. and 
21 1 ill which the bhiod ])ressnre frll to normal and remained .so for one 
vi ar or louui r. 
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III Crabtree’s cases (Cases 11 and 12) the blood pressure showed a 
postoperative fall but subsequently returned to a high level. Three 
cases have come under my personal observation: 2 females, aged 14 
and 26 years, and 1 male 9 years old. Each had severe hj^pertension 
of long duration and one low-functioning small kidney that was pro- 
ducing no renal symptoms. In the 2 females the small kidneys showed 

Table III 
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chronic pyelonejihritis <nnd arteriolosclcrosis ; in the male there "ivere 
only arteriosclerosis and arteriolosclerosis. The kidneys contained only 
minimal amounts of functioning parenchyma. Xephrectomy had no 
favorable effect on the hypertension in these 3 eases ; there was not 
even a temporary decrease. 

In onr 94 cases of unilateral dwarfed kidney there are 44 in which 
the blood pressure was recorded (Table IV). Twenty-eight of the 44 
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SURGUUY 


In Cral)iroe’.s eases (Cases 11 and 12) the blood pressure showed a 
posto])erative fall but subsefiuently returned to a high level. Three 
cases have eotne under niy personal observation; 2 females, aged 14 
and 26 years, and 1 male 9 years old. Each had severe hypertension 
of long dui’ation and one low-functioning small kidney that was pro- 
ducing no renal .symptoms. In the 2 females the small kidneys showed 

Table III 


Eeeect ok NEimimrTOMY on Hyperten.sion tVirit Unilateral Ee.nal Disease 






BELT-.; EXUDATIVE IXTERSTITIAU NEPHRITIS 


279 


Infection of tlie kidneys is present at autopsy aiiont twice as fre- 
(piently (91 to 83 per cent) in those Avith low urinary tract obstniction 
as in those with ureteral obstruction above the bladder (23 to 46 per 
cent). 

Tlic incidence of chronic hypertension in hydronephrosis is not greater 
tlian in a control population of corresponding age, but Ave have two 
examples of severe chronic hypertension associated Avith congenital bi- 
lateral hydronephrosis of long standing. 

Cortical absce.sses are frequent in post-mortem material, but only 40 
cases of ijiiical acute nonobstructive pyelonephritis Averc found in over 
32,000 autopsies. 

There Avcrc only 14 examples of chronic bilateral nonobstructive 
liyelonephritis in our autopsies. The available evidence indicates that 
this disease seldom causes chronic hypertension. 

Unilateral chronic atrophic pyelonephritis probably does not caAise 
chronic hypcvtcAAsion. but reports have beciA published of 5 cases in 
which tlie blood pressure has remained normal for over one year after 
nephrectomy. Tiiere may lie .some other explanation for these SAiecess- 
ful cases since many failures have been observed. 

In unilateral renal ischemia produced by Goldblatt's method the 
blood pressure returns to normal if the ischemic kidney becomes mark- 
edly atrophic. 

The thick-wallcd arteries in atrophic pyelonephritis represent disuse 
atrophy and not primary va.seular disease. 
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(63 ptj cent) liacl hypertension. Of the 35 persons over 50 years of 
age, 67 per cent iiacl hypertension. This is definitely higher than in 
elhethy s dispensary patients (Table V), and it suggests a causal 
connecOon between unilateral dwarfed kidney and hypertension. Bnt 
it IS highlj’’ probable that hypertension with its associated vascular 
dhsease is responsible for the dwarfed kidney; i.e., that the dwarfed 
kidney is an effect and not a cause of hypertension. The few cases in 
Avhich material from the large kidney was available showed hyaline 
arteriolosclerosis. 

Interesting data on the I'elation of unilateral renal disease to hyper- 
tension are furnished bj’^ Pearman, Thompson, and Allen. These in- 
vestigators found the incidence of hypertension in 500 cases of each 
of the following diseases as follows: pj^lonephritis, 9 per cent; nephro- 
lithiasis, 7 per cent; duodenal uleei’, 4 per cent; adenomatous goiter 
without hyperthyroidism, 10 pei’ cent; disease of the gall bladder, 7 
per cent. In 2,000 eases of hypertension the incidence of gall bladder 
disease was 4.4 per cent; adenomatous goiter, 2.5 per cent; duodenal 
ulcer, 1.3 per cent ; and arthritis, 6.3 per cent. These data suggest that 
pyelonephritis, like adenomatous goiter and arthritis, is merely asso- 
ciated with hypertension and is not a causative factor. 

The few eases of hypertension that appear to have been permanently 
relieved by unilateral nephrectomy may have been cases of acute 
hypertension. 

Hydronephrosis shows no convincing relationship to hypertension. 
The frequenej^ of hypertension with hydronephrosis in persons over 
50 years of age is shown in Table V. It will be noted that there is no 
significant difference from Wetherby’s control in dispensary patients. 
Veiy few of Wetherby’s eases had any symiptoms of hypertension. 
However, we have 2 cases of bilateral congeifital hydronephrosis of 
long duration in which hypertension was a prominent feature. 

Table V 


HYFEETENSrOlSr IN HydBONEPIIKOSIS ; A COJIPARISON WiTII WETHERBY'S 

Dispensary Patients 

HYPERTENSION (150 MJI. HG OR HIGHER) IN PERSONS OVER 50 YEAR."? OLD 



% MALES 

% FEMAIiES 

Wetlierby (I,ba8 ca.«es) 

as 

57.5 

Hydronephro.-iis (present senes) I 

1481 cases) 1 

40 

52.0 


SUSIMARY 


The obstructive form of pyelonephritis is about twelve limes as fre- 

ent as the nonobstructive tjTie in autop.sy material. Its age and so.v 

A tribution corre.sponds with that of hynlronephrosi.s, and the .symp- 

^ ^cinllv overshadowed by those of the di.sea.so caii.sing the 
toms are nsuau.? 

hydronephrosis. 


BELt^ : 


EXUDATIVE. IXTUR-STITIAL NEPHRITIS 
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Infection of the kidneys is present at autopsy aliout twice as fre- 
(piently ((51 to 83 per cent) in tliose with low urinary tract obstruction 
as in those with ureteral obstruction above the bladder (23 to 4G per 
eent). 

The incidence of chronic hypertension in hydronephrosis is not greater 
than in a control population of corre.sponding age. but we liaA'c two 
exam])les of severe chronic hypertension associated with congenital bi- 
lateral hydronephrosis of long standing. 

Cortical abscesses are frequent in po.st-iuortem material, but only 40 
cases of typical acute nonobstructive pyelonephritis were found in over 
32.000 autopsies. 

Thei-e were only 14 examples of chronic bilateral nonobstructive 
pyelonephritis in our autopsies. The available evidence indicates that 
this disease seldom causes chronic hypertension. 

Cnilateral chronic atrophic pyelonephritis probably does not cause 
chronic hypertension, but reports have been published of 5 cases in 
which the blood pressure has remained normal for over one year after 
ne])hrcelomy. There may bo .some other explanation for these success- 
ful cases since many failures have been observed. 

In unilateral renal ischemia produced by Goldblatt’s method the 
blood pres.surc returns to normal if the ischemic kidney becomes mark- 
edly atrophic. 

'I’lie thick-walled ai't cries in atrophic pyelonephritis represent disuse 
atrophy and not primary vascular disea.se. 
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OBSERVATIONS ON TUB DISTRIBUTION AND TRANSPORT 
OF GAS IN THE GASTROINTESTINAL TRACT OF 
INFANTS AND YOUNG CHILDREN 

•loHN’ R. P.uxn, 51.D., AN-D Curtis B. Nessv. II.D., Jlixxn vi-olis, 3Iixx. 

(From the DepaTiments of Surgery and VorhoXogy of the Medical School. 
Cniierxity of Minnaota) 


IXTUODUCTIOX 


I NFORMATION obtained from the study of roentgenograms of the 
abdomen has come to play such an important role in the diagnosis 
and treatment of intestinal obstruction that it is necessary for all 
clinicians to have a clear undci’standing of certain normal variations 
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tesfintil obstruction due to congenital lesions is to be promptly recog- 
nized in nowboj'n infants information as to the speed with which gas 
appears in the gastrointestinal tract and is transported through it 
should bo available. 

A few observations on tliesc questions haA'e already been recorded. 
Snow and Cassasa studied 50 newborn infants and found that whereas 
25 of lliese exhibited unusually large amounts of gas in the small and 
lai’ge intestine wlien bung in the I'eeumbent position, it largel.v disap- 
peared in 22 of the infants after lying in a semi-inclined position for 
twenty-four hours. In their experience gas was found only rarely in 
the small intestine of infants over 3 months of age. 



2 — Roentgenogi ams of the abdonien of a I0-\ear-olcl child. Some gas is seen 
in the ascending colon and a gieatei qiiantitj in the descending colon. None can ut 
seen in the small bowel 


Thiele made x-ray examinations of 4 infants immediately after birth 
0 determine how soon gas entered tlie gastrointestinal tract. In 1 
iistance, seven minutes after birth no gas was seen in the .stomach or 
ntestine, but in the other 3 eases at seven, ten, and thirty-five niimtfes 
ifter birth respectively gas was found to be present in the stomach or 
tnmaeh and bowel. 

c rpri iiiieeted air into the stomachs of infants and observed on 
oovnms the rate of its passage Ihrongli the gut. Ajiproxi- 

■oentgeii niinntes was required for the sfomneh to cniply ifself of 
*■ *■ 
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injected air. "Within one to tAvo houi-s the small bowel Avas u.sually 
empty also. If the intestinal canal wa.s empty, gas passed through the 
colon in one to Iaa'O hours, but usually a sloAA'cr rate preA'ailed. 

The obseiwations Avhich arc reported here were made with two ques- 
tions in mind. It AA-as desired to detei-mine if accumulations of gas 
A'isible on the x-ray film AA-ere consistently found in the small boAA’el of 
infants and children and if so at what age these shadoAvs disappeared. 
The second question Avas Iaoaa- soon after birth gas could be detected 
in the gastrointestinal tract by x-ray examination and Iioaa- quickly 
tran.sport of this gas through the boAA-cl into the sigmoid colon and 
rectum occurred. 



Ill- r,l.«'-S'riA x-ri> niiin I.r ri ti.timxl txKlxnn Infiint A .'-K ii.liiio. . iiff'r lilrlli 
I < in ti. .n In tin -i.imirli 


AAITIIOI)' or onxl-JlA \TION 

To .bt.-imm- th,. distiibution „f mis 5,, tlm small b.m,-! of mfatits 
r-.mi .-luhlr... !G paiiniis th,. ivdmtrir Wards of the rniAc-Miv of 
.Minn. -Ota Ilosp.t-.K n, r.. .-hoM n. Tlus,. palonts M.!...t.d .'.u-c 
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testuial ()l)stniction due to congenital lesions, is to be promptly recog- 
nized in newborn infants information as to the speed with M'hich gas 
appears in the gastrointestinal tract and is transported through it 
should l)e available. 

A few observations on these questions have already been recorded. 
Snow and Cassasa studied 50 neAvborn infants and found that whereas 
25 of these exhibited unusually large amounts of gas in the small and 
large intestine when lying in the recumbent position, it largely disap- 
peared in 22 of the infants after lying in a semi-inclined position for 
twenty-four hours. In their experience gas was found only rarely in 
the small intestine of infants over 3 months of age. 



p-ig 2 — Roentgenogianis of the .ibdomen of a 10-jear-oId cliild Some pas H seen 
in tlie ascending- colon and a gieatei quantitj in the descending colon. None can be 
seen in the small bol^cl 


Thiele made x-ray examinations of 4 infants immediately after hiifh 
0 determine how soon gas entered tlie gastrointestinal tract. In 1 
nstance, seven minutes after birth no gas vas seen in the stomach or 
ntestine, but in the other 3 eases at seven, ten, and thirty-five minutes 
ifter birth respectively gas was found to be present in the stomacli or 

tomach and bowel. 

a veri iniected air into the .stomaelis of infants and observed on 
the rate of its passage through the gut. ifpproxi- 
•oentgen « ^ minutes was required for the stomacli to empty itself of 
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DISTRinUTIOX OF GAS 

In Table I arc listed the various conditions present in the 46 patients 
in whom the distribution of gas in the gastrointestinal tract was studied. 

T.vblf. I 


DIAGNOSIS 

isvnnm of patiknts 

Xomat infant 

2S 

-V'-thma 

1 

Uiabetc- niellitu'' 


t>7ema 

o 

Injury of riglit exv 

1 

Strahisinu'- 

o 

ConRonilal cleft palate 

a 

Conccnit.al cleft iip 

1 

T’es caxTi'. 

1 

Spastic j)aralysi« 

1 

Talipes equinoxariis 

o 

Tuberculous eerxieal adenitis 

1 

Torticollis 

1 
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fully to exclude any condition which might occasion the presence of 
inhibitive (paralytic) ileus or other conditions affecting the bowel. In 
most instances observations were made a day or so before discharge. 
All of the older ehildi'cn were ambulatory at the time of the examina- 
tions. AYithout any preparation roentgenograms of the abdomen were 
made in the supine position. These films were then studied to deter- 
mine the location of the intestinal gas. 



„ OR T'\ent\ -three minute's after birth the amount of Ras m the ga-strointcstlnal 

tract has increased Accumulations in the jejunum ns ucll .is the stomach can lie 
seen 


In order to determine the time of appearance and .speed of liaiispoit 
of oas through the gastrointestinal tract of newborn infants a scries of 
roenteenograms was made for each of 7 normal babies in the Pefliatric 
NurseV of University of Jlimicsotn Hospitals The birth of eaeli 
c infants was uneomplieatecl. An attempt uas made to take the 

fi film as soon after birth as possible. Additional films uere made 
, ”• .elvvoK of time. Except for clianges In position made neees- 

, 1C icfclc 'VC-C cH Kep, i„ ,1,0 M,pi.,0 p..'ili«» 
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DISTRIBUTION OF GAS 

In Table I are listed the various conditions present in the 46 patients 
in whom the distribution of <ias in the gastrointestinal tract was studied. 

Table I 


diaokosis 

NUMBEU or PATIENTS 

Normal infant 

2S 

Astlima 

1 

Ttiabetos mi'Uiiu': 

o 

Kcreina 

2 

Injury of riglit eve 

1 

fitrnliivmus 

<1 

Congonital olcft palato 

3 

Conccnital cleft lip 

1 

Po« rtnnm 

3 

Spastic paraU^is 

1 

TalijiO'^ pqllino^an^‘: 

2 

Tutiercutnns cer\icat nilenUi"! 

I 

Torticollis 

1 
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Tile distribution of the gas in the gastrointestinal tract as seen on 
roentgenograms is indicated in Table 11. 

Table II 


Distribution of Gas in the Gastrointestinal Tract of Infants and Children 


PATIENT 

AGE OF PATIENT 

distribution of gas 

SMALL INTESTINE 

COLON 

1 

Newborn 

+ + 

+ + 

2 

Newborn 

+ + 

+ + 

3 

Newborn 

+ + 

+ + 

4 

Newborn 

+ + 

+ + 

5 

Newborn 

+ + 

+ + 

(i 

Newborn 

+ + 

+ + 

7 

Newborn 

+ + 

+ + 

s 

Newborn 

+ + 

+ + 

9 

Newborn 

+ + 

+ + 

10 

G Iir. 

+ + 

+ + 

11 

6 hr. 

+ + 

+ + 

12 

1 daj' 

+ + 

+ + 

13 

3 days 

+ + 

+ + 

14 

4 daj’s 

+ + 

+ + 

15 

6 days 

+ + 

+ + 

IG 

G days 

+ + 

+ + 

17 

7 days 

+ + 


18 

7 days 

+ + 


19 

8 days 

+ + 

‘ 1 + + 

20 

9 days 

+ + 

i‘! + + 

21 

9 daj's 

+ + 

jb ‘ 

22 

10 days 

+ + 

, 1 ++ 

23 

2 wk. 

+ + 

1 , + + 

24 

2 wk. 

+ + 

+ + 

25 

2 wk. 

+ + 

+ + 

26 

2 wk. 

+ + 

+ + 

27 

2 wk. 

+ + 

+ + 

28 

2 wk. 

+ + 

+ + 

29 

5 wk. 

+ + 

+ + 

30 

10 mo. 


+ + 

31 

10 mo. 

+ + 

+ + 

32 

13 mo. 

+ 

+ + + 

33 

17 mo. 

+ + 

+ + 

34 

18 mo. 

+ 

+ + + 

35 

21 mo. 

+ 

+ + + 

36 

2 yr. 

+ 

+ + + 

37 

2 yr. 

• + 

+ + + 

38 

3 yr. 

+ 

+ + + 

39 

3 yr. 

+ 

+ + + 

40 

G yr. 

0 

+ + -f. 

41 

7 yr. 

+ 

+ + + 

42 

7 yr. 

+ 

+ + + 

43 

7 yr. 

0 

+ + + + 

44 

8 yr. 

0 

+ + + + 

45 

9 vr. 

n 

+ + + + 

46 

10 yr. 

0 

+ + + + 


DISCUSSION 

These results indicate that in infants under 18 months of age tJie gas 

in the gastrointestinal traef ivhieh can be demonstratccl by 

^/!Tpvamination is about equally distributed between the small and 

x-ray Between the ages of 18 months and 6 to 7 years (his 

large o^\ • jinxes so that more of (he visible gas comes 

distribution graduall> cnaoot 
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to be present in the colon. After 6 to 7 j^ears of age practically 
all the visible gas is seen in the colon. These observations furnish no 
information to explain this change in gas distribution. The importance 
of these facts in the diagnosi.s and treatment of intestinal obstruction 
in infants and children is obvious, however, for in such patients the 
pi'esence of Ausible gas in the small bowel cannot be assumed to be 
necessai’ily due to intestinal stasis as is the case with older children 





A 






A 

„ JA-0 Serial x-rai Aims ot a normal ncaliorn infant A. Sl\ minutes after 

■ Ijirth, a sin.all quantit\ of gas can be seen in the stonmeh 


and adults. This is not to .say that roentgenograms of tlie abdonien 
are not of any value in eases of olistruction in infants and young chil- 
dren but rather that tliey imist ho interpreted with care and with due 
allowance for the facts here biought forth. In the lUesenee of .small 
i J nlistmction the amount of gas present in the .small him el uill 

fe ll?*!'”' "" "" 

greater. 
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TiMi; or .v]*i>r_\nANcr. axd sra'-D or trankrokt or oas ix thi: 

OASTROINTI'-STIXAC TRACT OF Xl'AVROUX IXl'AXTS 

In Table HI are presented the results of observations made in the 
course of a scries of roentirenofrratns of the abdomen of 7 newborn 
infants. The first fdm in each scries was taken as soon as possible after 
birtb. Tlie time indicated is the interval afterbirth at wbieb the x-ray 
fdm was made. The portion of the !ra.strointe.stinal tract indieated is 
the most distal ])orfion of the bowel in which pas could he seen. 



Ill'' rapid iipi'f.'irani'c <it r-a*. Jn tin- ''tmuarh and njipi'r 'aastrointf.s- 
timd (ram m m-vtu.iu infaiU- as '.Imnn m Tahlc 111 nives fiirfber 

.■.■rifiimin.-ii. i..tlM.sv.alb.v...dairth....iy,.fjh- "nein,.fm.M intesiimd 

me. ill.' m.p'-uatii fam n.ili T.sp.m u, uHtmiiia! "list rumim, in tl,c 
m su'h ."U'.'mt.U ad.sm m th" s„n,!l l.ov..!, is i),;,! y.ithht 

("nr 1" s-A iM.'irs i.fs.r nnd. slumbl r.-anlmh (i„d ...as in jl.e sie 



290 


SUKGKRY 


inoid colon and rectum. If the presence of a congenital t.ype of ob- 
struction is suspected the diagnosis may he confirmed much earlier if 
this fact is remembered. 





'n’lp' SO After four find otie-lialf *i larpc nunntitj of caf> can tr'ict. 

reitum. Otter accinfulStion^ are scattered throiieh tl.e entne eastromte.stinal tr.ict. 


In another respect the transport of gas to the rectum tvitlim six bourn 
is important. This has to do with ca.ses of imperfoi'ate anus and atre.sin 
of the rectum. AVangenstcen and Kice in 1930 descilbed a means h.v 
which the length of the atrcsic portion of the anus and rectum could 
1e determined. The infant is held in the inverled position and the 
’ of a thermometer is pre.ssed into tlie anal dimple or 

ed into the rectum up to the area of atresia. If a roentgenogram 
tahen the distance between the gas shadow j)roxmiaI to the 
IS then > ,.^.j(-]i„pa£iue mercury bulb gives an aceurafe idea as to 

atresia and • put. f'on.sef|uently the magnitude of the 

the length ° ‘ .^vill be necessary to eoi-i'cet the defect may 

operative pio ^ piverv surgeon of expi'rience will ajiiireciale 

be accurately , information before a contemplated operatim^'^ 

the importance of sueinn / ^ 
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Tile validity of this inaneuver depends of course on the coiTCCtness 
of tile assumption that gas has progressed up to the point of obstruc- 
tion at the time the x-ray film is made. The oiiscrvations here reported 
indicate tliat this test cannot iie depended upon until the infant is 6 
or more hours old. 'Whether or not the presence of the obstruction 
and retained meconium null increase the time interval before gas arrives 
at the point of obstruction is not known. 

SC.M-MAKV 

Iloentgenograms of the abdomen were made on 46 children varying 
ill age from a few minutes to .10 years. AH these infants were thought 
to have, normally functioning gasti’oiutestinal tracts. The distribution 
of the intestinal gas with respect to the small bowel and colon was 
st allied and the following information obtained : 

1. Up to IS months of age gas is di.stributed about equally between 
the small bowel and the colon. 

2. Between 18 mouths and 6 yeai-s of age more and more intestinal 
gas is found in the colon and less in the small bowel. 

11. After 7 years of age, as in adults, no gas in the small bowel is 
seen on the x-ray film. 

Serial roentgenograms of the abdomen were made on 7 newborn in- 
fants. The first film in each ease was made as soon after birth as pos- 
sihle and others at convenient intervals. On these films the interval 
after Iiirtii at which gas apjicared in the gastrointestinal tract and the 
Sliced of its transit to the rectum were studied. In each case gas was 
oltsiM'ved to lie already present in the stomach, duodenum, or jejuinmi 
tiy the time the fir.st film could be taken which was within six to fifteen 
minutes after birth. Within four to six hours after birth gas was pres- 
ent in the siunioid colon or rectum. 
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CYSTIC DEGENERATION OP THE OVARIES® 

An Experimental Study 

John C. Weed, M.D., and Conrad G. Collins, M.D., New Orle^ins, La. 

(Fjom the Departments of Gross Anatomy and Gynecology, Tulane University 

of Louisiana) 

/'^VARIAN cysts have interested medical authors for many years, and 
since Rokitansky’s description^ of cj^stic disease, numerous re- 
ports of ovarian conditions have appeared. Cj’^stic degeneration of the 
ovaiies has been repeatedly described under such terms as chronic 
oophoritis, selerocystic oophoritis, cirrhosis of the ovaiy, and hj^drops 
ovarii follieuli. In spite of the multiplicity of reports, the etiology of 
this condition has never been accurately determined. Earlier reports'"* 
have indicated tliat chronic infection of the ovary produced cystic 
changes. A few authors®’ ® have comparatively recently ventured sup- 
port of this theory. The consensus today is opposed to this view. An- 
other theory as to the etiology of this state supported by continental 
investigators'* ® has proposed tliat sjonpathetic dysfunction will result 
in multiple ovarian cysts. With the advent of hormonology, the current 
trend of thought is to explain cj^stic degeneration of the ovaries upon an 
endocrinologic basis, primarily pituitary in origin. Investigators"'*'’ 
have been able to cause rapid follicular growth and atresia b.y the use 
of pituitary implants and extracts. However, these changes have not 
proved to be permanent. 

Interest in this problem was stimulated when several eases of young 
women with large prolapsed multicystie ovaries were observed. It was 
noted that Avhen this condition obtained, there Avas associated Avith it 
extensive congestion in the veins of the infundibulopelvic and broad 
ligaments. This suggested the possibility that the underlying cause of 
the oA’arian change Avas the altered position and A-ascularity of the 
gland, rather than an extrinsic factor. 

The anatomic relationship of the ovary has been adcciuately described, 
and the Avascular supply has been exhaustiA'cly .studied ))y Sami)soii.’* 
HoAA’ever, the effects of eirculatoiy impairment have not received a gi'oal 
deal of attention. Butcher,*® Avith ligation experiments, showed Hint 
o-erm cells have little resistance and soon jiei'ish, Avhereas the germinal 
epithelium may surAUve later to repleni.sh the germ cells Avhen collaterals 
are fully dcA’eloped. Neugebaner,*® likcAvi.se, shoAved that extensive 
necrosis Avith loss of function follov'cd ligation of OA-ai'ian vc.ssels. The 
question as to Avhether hysterectomy will ullimafciy lead to cystic de- 
generation of the ovaries has lieen debated by many authors Avithout any 


•Aided by n. prant from Uie Anonymous J{fM-arch Fund. 
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substantial proof that sucb a result will occiu-. Recent authored' 
liave agreed tbat byperemia of tbe ovary resulting from congestion is 
a probable cause of cystic degeneration by causing increased follicular 
activity. 

Since no experimental support to this contention has been offered, it 
was felt that prolapse of the ovaries of animals artificially produced 
would cause passive vascular congestion. The ovarian changes resulting 
from such a procedure would indicate what effect hj-peremia produced 
upon tbe follicular apparatu.s. 

KNTEBIMEXTAIj PROCEDURE 

To study tbe effect of circulatory impairment upon the ovary caused 
by prolapse of the organ, two groups of animals were used. Rabbits and 
dogs were selected because of the ease of procurement and management, 
although they lacked the cyclic changes found in the primates. 



Flc. 1. — Nornial rabbit ovary. Tbo section shows normal ovarian stroma with healthv 
primordial and vesicular foUich'S, 


I. Rnbhih . — In order to study the effect of circulatory impairment 
on rabbit ovaries, libation experiments were performed on several gi-oups 
of animals, by liirating the ovarian vcs.scl.s on the utero-ovarian am 
astomosis on both sido.s. All animals were scaregated and .sacrificed 
after twelve weeks. Sections of each ovaiy wore compared to .sections 
of ovaries of normal rabbits (Fin. 1 ). Tiie results conformed with those 
reported by Butcher and Xcnael)auer. 

In other aroujis of animals (one to four in a group) partial depriva- 
tion of the viLsenlar supply of both ovaries as well as artificial prolapse 
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of the organ M'as produced. In all of these animals, changes in the 
follicular apparatus corresponded to tliose in wiiich ligation alone was 
performed. 

Finally artificial prolapse of the ovary witiiout impairment of the 
circulation was secured by suturing the fi’ee (antimesenteric) border of 
tlie ovai'y to tlie lateral abdominal wall. Sutures were introduced 
tbrougli tlie tunica albuginea opposite the hilum, avoiding the hihn- ves- 
sels. In such a way each ovary was displaced from the paravertelu'al 
gutter to a new position about one incli lateral and vertical to its normal 
bed. All animals wei'e sacrificed after twelve weeks. 

Results. — In those rabbits whose ovarian vessels were ligated ex- 
tensive necrosis occurred in the ovary, marked by fibrosis, loss of 
follicular structure, and fibrinous deposits on the tunica albuginea. In 
some animals, the degeneration was not marked, involving only the 
follicular apparatus, with pyknosis of the ovular and granulosa cell 
nuclei. 



O Prolapsea rabbit o\ar,v. Tbo section .shon.s cystic foliicics lined rvlUi 

a .r^neVate cramilo.sa cells. Tlie primordial follicles are atretic, and tlicre is an In- 
creased fibrosis of tlie stroma. 


In those animals in whicli Ihc utcro-ovarian anastomosis was ligated, 
similar changes were noted. All ova wore degenerate, and atresia of the 
I -CTO follicles in which ova could not ho demonstrated showed iiykiiosis 
'oranulosa cell nuclei. Few ]u-evp.sieuiar follicles were noted, and 
!il follicles in the vesicular staire were atretic. 

^ of the ovary, without vascular ligation, resulted 

'^'ewinf different pathologic iiictiirc. Healthy follicles, both 
pdmoiXl prcvc-sicular, were demonstrable in all sections, but many 



Weed and coldins- castic degeneration of ovaries ado 

of each group showed ati-etic changes. All vesicular follicles were 
atretic, and many of these weie markedlj' dilated (Fig. 2). The OTOm 
^\as usually absent in the large follicles and, when present, exhibited 
coagulation necrasis of the cytoplasm and nuclear fragmentation. Many 
laige spaces were lined with theca interna, having lost the granulosa 




} trx.'" V' ' 


Fig* 3 — Control Oof? on an A section through the cortex shows healthN primordial 
follicles anj the normal thickness of the tunica albuginea 
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cell lining entirely. Aside from the extensive damage to the follicular 
apparatus, artificial prolapse produced vascular congestion in the 
medulla. Numerous dilated capillaries could be seen beneath the corte.x. 
The tunica albuginea was thickened in many instances. 

II. Dogs. On a group of eleven dogs the left ovarj^ was artificially 
prolapsed in a similar manner without vascular ligation. The right 
ovary was maintained in a normal position as a control. As in rab- 
bits, the animals were castrated after twelve weeks, and sections of 
each ovary were studied. 

Results. — Examination of the dog ovaries did not show as striking 
changes as did those of the rabbit. The damage produced b}' artificial 
prolapse again centered around the follicular apparatus with congestion 
and fibrosis of the tunica albuginea secondarily. Again atresia was 
most evident in the larger vesicular follicles, although a greater number 
of atretic primordial follicles were noted in the prolapsed ovary. The 
large follicles were cj^stic, exhibiting no ovum, and degenerative changes 
were present in the gi'anulosa cell la.ver when it was present. Capillar.v 
congestion was marked, and perifollicular edema was present. The 
tunica albuginea was thickened and fibrotie in almost all of the pro- 
lapsed ovaries (Figs. 3 and 4). 


DISCUSSION 


The changes produced in the experimental animals bj' artificial 
prolapse are chiefly vascular and atfect the vesicular follicle primarilj', 
producing follicular cysts. Small follicles are damaged to a lesser 
extent. Likewise an increased thickness of the tunica albuginea results 
from the altered position. 

Such a picture is seen in the human ovary with cystic degeneration. 
Almost all follicles are laige and atretic, with or without granulosa 
cells lining them. Smaller follicles arc ocea.sionally found, usually un- 
altered. Vascular congestion is prominent and thickening of the 
tunica albuginea is present, sometimes to a marked degree. 

The presence of many follicular cysts in cases of cystic degeneration 
is evidence that normal maturation of the follicle does not occur in these 
individuals. Normal growth occurs to a point prior to maturity, but 
rupture of the follicle rarely occiiis. hlenstrualion therefore is an- 
onilatory in type. When c.vstic degeneration is fully devcloi)cd, 
amenorrhea and menometrorrhagia develop, one following the other. 
Because of the menstrual disturbance and the anovulatory bleeding, 
sterilitv is a common complaint. 

Treatment of evstic degeneration of the ovaries has varied from 
vnimmeture to removal. The former does not aflord complete relief 

d the latter is too radical. Hormonal Iheraiy, unforinnatel.v, is not 


Best results are obtained by /lartial 


Action of 11.0 ovrio., will, roswl, 


ion removes 
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the miilticystic nonfiinctioning ai-ea, as well as a large part of the thick- 
ened tunica albuginea. Suspension of the ovaries prevents the passive 
congestion with its secondary effects. Troublesome adhesion formation 
along the line of resection can be prevented by tying an omental graft 
along the suture line. It has been experimentally demonstrated that 
partial resection leaves a functioning ovaiy ndthout undue destruction 
of the g]and.== In 14 eases, restoration of function occurred in 10, 
partial success in 2, and failure in 2. 

CONCLUSIONS 

1. Cystic degeneration of the ovaries, formerly thought to be the 
result of chronic infection, is now variously ascribed to sympathetic 
dysfunction and hoimional imbalance. Cireulatoiy impairment is an 
infrequently considered but important etiologic factor. 

2. Circulatory impainnent was produced in the ovaries of eighteen 
rabbits by (1) vascular ligation and (2) artificial prolapse, and in one 
ovary of eleven dogs by artificial prolapse. Sections of these ovaries 
showed changes in the follicular apparatus analogous to those found in 
human ovaries with cystic degeneration. 

3. The treatment giving the best results is partial resection and sus- 
pension of such cystic ovaries. 
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cell lining entirely. Aside from tlie extensive damage to the follicular 
apparatus, artificial prolapse produced vascular congestion in the 
medulla. Numerous dilated capillaries could be seen beneath the cortex. 
The tunica albuginea was thickened in many instances. 

II. Dogs. On a group of eleven dogs the left ovary was artificially 
prolapsed in a similar manner without vascular ligation. The riglit 
ovary was maintained hi a normal position as a control. As in rab- 
bits, the animals were castrated after twelve weeks, and sections of 
each ovary were studied. 

Besuuts. — Examination of the dog ovaries did not show as striking 
changes as did those of the rabbit. The damage produced by artificial 
prolapse again centered around the follicular apparatus with congestion 
and fibrosis of the tunica albuginea seeondai'ily. Again atresia was 
most evident in the larger vesicular follicles, altliough a greater mnnbcr 
of atretic primordial follicles were noted in the prolapsed ovary. The 
large follicles were cystic, exhibiting no ovum, and degenerative changes 
wei’e present i 2 i the gi’anulosa cell layer when it was present. Capillnry 
congestion was marked, and perifollieulai’ edema was present. The 
tunica albuginea was thickened and fibrotic in almost all of the pro- 
lapsed ovaries (Figs. 3 and 4). 


DISCUSSION 


The changes produced in the c.xperimental animals by artificial 
prolapse are chiefly vascular and affect the vesicular follicle pi’imarily, 
producing follicular cysts. Small follicles are damaged to a lesser 
extent. Likewise an increased thickness of the tunica albuginea results 
from the altered position. 

Such a picture is seen in the human ovary witli cystic degeneration. 
Almost all follicles are large and atretic, with or without granulosa 
cells lining them. Smaller follicles ai-e occa.sionally foimrl, usually un- 
altered. Vascular congestion is prominent and thickening of the 
tunica albuginea is present, sometimes to a marlccd degree. 


The presence of many follicular c.vsts in cases of cystic degeneration 
is evidence that normal maturation of the follicle does not occur in tlicsc 
individuals. Normal growth occurs to a point prior to matnrit.v, bill 
rupture of the follicle rarely oeciiis. iVIcnstruatioj) thci'cfore is an- 
owilatory in type. When cystic degeneration is fully develoiwd, 
amenorrhea and mcnometrorrhagia develop, one following the other. 
Because of tlic menstrual disturbance and the anovulatory biccfling, 
sterilitv is a common complaint. 

treatment of evstie degeneration of the ovaiacs ha.s vaiaed from 
. • ‘ to removal. The former docs not afi'ord comi)lete I'clief 
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intestinal Inmen. In this region it is accompanied by the principal pan- 
creatic duct (Wirsung), and the two ducts usually unite (ampulla of 
Vater) just before emptying into the duodenum at the papilla major.* 
This papilla is about 8 or 10 cm. from the pylorus and is located just 
above or just below a constant bend in the pars deseendens of the du- 
odenum which Schwegler and Boyden“''-“^ have designated as the 
biliary flexure. 

The intramural portion of the bile duet is considerably narrower than 
the extramural portion. Baggenstoss'* atti'ibutes this to the distribu- 
tion of the sphiucteric and duodenal musculature, and also to the in- 
creased thickness of the mucous membrane in this region. 

Schwegler and Boyden^'''*-^” have traced the development in the 
embryo, and have observed that, although the ampulla is at first co- 
extensive witli the oblique intramural passage of the duet through the 
duodenum, it later recedes (beginning at the 20 mm. embryo stage) 
and near teim it lies halfway between the tunica muscularis and the 
end of the papilla, lilann and Giordano,’"’® in material obtained at 
autopsy, showed that in 76 per cent of their cases the ampulla of Vater 
was 2 mm. or less in length. In spite of this involution, the ampulla 
is an important structure because it gives I’ise to folds or valvules which 
prevent the regurgitation of intestinal contents into the ducts. 

As the bile duct and pancreatic duct enter the duodenal wall, they 
pass thi’ough a lengthwise hiatus in the longitudinal muscle and a trans- 
verse, eye-shaped fenestra in the circular muscle.t In the adult these 
slits have become narrow and have been filled partly by muscle bands 
that have grown in from the margins. 

Boyden’-® has classified the muscles of the choledochoduodenal junc- 
tion into (1) mu.seles of the choledochoduodenal aperture and (2) 
intrinsic muscles of the ducts and ampulla. 

The former group includes the superior and inferior margins of the 
choledochal fenestra (which impinge on the ducts at only one level and 
differ in this resiicct from the anatomical arrangement in animals such 
as the dog), the reinforcing or R-fibers and the connecting or C-fibers. 
The R-fibors reinforce the angle.s of the fenestra, while the C-fibers con- 
nect the margins of the hiatus and fenestra with the papilla and the 
ducts. 

The intrinsic muscles of the ducts and ampulla include: (1) the 
sphincter choledochus. (2) the longitudinal fascicles, (3) the .sphincter 
pancrcaticus, and (4) the sphincter ampullae. 

The spliincter choledochus is the most highly developed portion of 
the intrinsic .sphincter of Oddi. It consists of an annular sheath of 
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HISTORICAL SKETCH 

Although attention has been devoted to the biliary tract since an- 
tiquity, an accurate knowledge of even the gross anatomic characteristics 
of this region was not acquired until the work of Vesalius (1543). 
According to Boyden,®® Vesalius recognized that some mechanism im- 
peded the flow of bile from the choledoelial orifice, but he did not identify 
an anatomic sphincter of the bile duct. The credit for first describing 
such a sphincter is extended to Glisson (1654),®^ who recognized “ring- 
like fibers” around the terminal portion of the duet. 

Following Glisson, Bianchus (1711)-' suggested the importance of 
contraction of this sphincter as a mechanism contributing to tlie filling 
of the gall bladder. 

The American anatomist. Gage (1879), was the first to study the 
sphincter of the bile duet mieroseopically.®® Oddi (1SS7), for wliom 
the muscle has been named, carried out gross and microscopic investiga- 
tions, and also was the first to study the function of the sphincter.”'’-’®'’ 
He noted the resistance to tlie flow of fluid which the sphincter mech- 
anism exerted, and he observed the dilatation of tlie bile ducts wliicli 
follo'wed cholecystectomy in certain animals. He suggested tliat spastic 
contraction of the muscle might explain obscure clinical types oC 
jaundice. 

Morgagni (1761) had discussed the po.ssible clinical significance of 
spasm of the bile duet more than a century before the time of Oddi,’”’ 
but it is obvious from his writing that he had no clear understanding 
of the minute anatomical arrangement wliicli miglit allow such a sjiusni 
to occur. He vwote concerning the rarer causes of jaundice: “I .speak 
of spasmodic erispatures, by which, at least, the orifice of the common 
duct, or the greater part of the small branches of the hepatic are con- 


stringed.” 

Although Oddi stated that ho had extended his observations to include 
man, his descriptions were based upon his investigations in animals, 
and Znaniecki (1895) has been credited with being the fiist to descri[)e 


the human sphincter histologically. The detailed study of Hendrickson 
(1S9S) appeared three years later.’"’ Since that time a number of 
investigators, including Letulle and Naltan-Larrier,'” Ilelly,’’® Job,”'' 
Blaiin,’"’ Giordano and iflann,®'’ Nuboer,'”- Porsio,”"’ Ivy,"’"-'” and 
others have contributed further anatomical and jJiysiologie data. 

Present-day laiowledgc of the anatomy of the spbincler lias been in- 
•eased "reatly b.r the contributions of P.oyden and his a.ssoei- 
ates studied extensively its enibryologic develoji- 

ment as well as its structure in the adult. 


axatomic-m. coN.sinnuATiox.s 


• 1 of the common bile duct courses obliquely for a 
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intestinal lumen. In this region it is accompanied by the principal pan- 
creatic duct (Wirsung), and the two ducts usually unite (ampulla of 
Vater) just before emptying into tlie duodenum at the papilla major.® 
This papilla is about 8 or 10 cm. from the pylorus and is located just 
above or just below a constant bend in the pars descendens of the du- 
odenum which Sehwegler and Boj''den-®®'-^’^ have designated as the 
hiliarj' flexure. 

The intramural portion of the bile duct is considerably narrower than 
the extramural portion, Baggenstoss'* attributes this to the distribu- 
tion of the sphineteric and duodenal musculature, and also to the in- 
creased thickness of the mucous membrane in this region. 

Sehwegler and Boyden^®"'-” have traced the development in the 
embryo, and have observed that, although the ampulla is at first co- 
extensive with the oblique intramural passage of the duct through the 
duodenum, it later recedes (beginning at the 20 mm. embryo stage) 
and near term it lies halfway between the tunica museularis and the 
end of the papilla. JIann and Giordano, in material obtained at 
autopsy, showed that in 76 per- cent of their cases the ampulla of Vater 
was 2 mm. or less in length. In spite of this involution, the ampulla 
is an important structure because it gives rise to folds or valvules which 
prevent the regurgitation of intestinal contents into the ducts. 

As the bile duet and pancreatic duct enter the duodenal wall, they 
pass through a lengthwise hiatus in the longitudinal muscle and a trans- 
verse, eye-shaped fenestra in the circular muscle.! In the adult these 
slits have become nai-row and have been filled partly by muscle bands 
that have grown in from the margin.s. 

Boyden'^'* has classified the muscles of the eholedochoduodenal junc- 
tion into (1) muscles of the eholedochoduodenal aperture and (2) 
intrinsic muscles of the ducts and ampulla. 

The former group includes the superior and inferior margins of the 
choledochal fenestra (which impinge on the duets at only one level and 
differ in this respect from the anatomical arrangement in animals such 
as the dog), the reinforcing or R-fihers and the connecting or C-fibers. 
The R-fihers reinforce the anglc.s of the fenestra, while the C-fibers con- 
nect the margins of the hiatus and fenestra with the papilla and the 
ducts. 


The intrinsic muscles of the duets and ampulla include: (1) the 
sphincter choledochus, (2) the longitudinal fascicles, (3) the .sphincter 
pancreaticus, and (4) the sphincter ampullae. 

The sphincter choledochus is the most highly developed portion of 
t 1 C int rinsic sphincter of Oddi. It consists of an annular sheath of 
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muscle fibers surrounding the bile duct from a position just outside tlie 
window to the junction with the pancreatic duct. It is capable of ob- 
structing the fioM' of bile without closing the pancreatic duct. In fact, 
Boyden'*^ recently has desci'ibed a ease in wliich this muscle held a stone 
in the major papilla until it was too large to pass the orifice and was 
about to be discharged through a siiontaneously developed fistula wlien 
the patient died. 

The fasciculi longitudinales consist of two columns of longitudinal 
fibers lying between the eholedoehus and the pancreatic duct. They 
are made up of bands connecting different transverse levels of the ducts 
and ampulla and they are joined bj’' the C-fibers. They probably serve 
to erect the papilla and thus facilitate the discharge of bile. 

The sphincter pancreatieus is an annular band of fibers around the 
lower end of the pancreatic duet. It is not constant. 

The sphincter ampullae is an annular sheath of fibers surrounding the 
ampulla, when the latter structure is present, and also encircling the 
lower end of the bile and pancreatic ducts. TCreilkamp and Boyden’^® 
found it to be well developed in onl.v 02ie-sixth of adults. Contraction 
of this muscle prevents the flow of bile and pancreatic juice into the 
duodenum and ma.y permit the reflux of bile into the pancreatic duct 
or of pancreatic juice into the bile duet. 


PHY.SIOLOGIC CONSIDERATIONS 

Anatomists^®'-'' have demonstrated beyond question the independent 
origin of a distinct sphincter at the terminal portion of the coniinon 
bile duct, and Layne and I”’ have presented evidence to show that 
the sphincter of Oddi also functions independently of tlie duodenal 
musculature in man. 

Giordano and IMann,®'’’ Luetli,'-''®, and Sandbloin, Vocgtlin, and Ivy®"" 
have observed an independent action of the sjfliincter in animals, hut 
these same investigator.s, as well as others (Coplier and Kodnma,"' 
Elman and JldMaster,'® Burget,®® Brugseh and Horst ers'"'"), have demon- 
.strated that, in animals, duodenal motility and tone exert a powerful 
influence on the flow of bile into the duodenum. To explain species 
differences in reactions, Boyden®' has pointed out that there are marlced 
.species dift’erenees in the arrangement of the intestinal muscle around 
(he bile duets as well as in the intrinsic musculature. He .states that : 
“In man, the window in the duodenal muscle thi'ough which the hile 
and pancreatic duet.s enter the inte.stine is of such .shape and size that 
duodenal peristalsis exerts a minimal effect on the flow of bile. By 
contrast the duodenal window of the dog has tl.c shaj).- of a funnel which 
Tnns die first two-fifths of the intramural course of the bile duct.” 

, he Mefio,,™,. K..ewe,, WeBee,. ,„„1 

. ^ M -rroun of patients with postcholecystcclomy colic, th^u 
the ihiodenum was a.ssociated with attadcs of pain rcscnibli 
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■biliary colic, and that this pain could he relieved by intubation of the 
common bile duct. But the possibility remains that in their experiment 
botli the pain and the simultaneous rise in the intraductal pressure may 
have been due to contraction of the sphincter -ndthin a spastic segment of 
the duodenum. 

From the data presented by Layne and myself, “■ one may conclude 
that, in man, the sphincter of Oddi does function independently. It is 
difficult to rule out entirely the factor of duodenal tone and motility 
in determining the resistance to the flow of bile, but anatomical ob- 
.servations indicate that it must be much less important in man than it 
is in animals. When 'U’e speak of the sphincter in a physiologic sense, 
however, we refer to the entire intramural regulatory mechanism, in- 
cluding both the action of the intrinsic sphincter and any influence 
which might be exerted by the muscle of the intestine. 

The first actimty to be attributed to the sphincter mechanism was 
the prevention of regurgitation of duodenal contents into the common 
bile duct (Glisson, 1654), and this is still regarded as one of its func- 
tions, although the mucosal folds or valvules arising in the ampulla 
may be even more important in accomplishing this. When the sphincter 
action is eliminated, such as occurs in cases of internal biliary fistula, 
some degree of ascending infection follows.”® This infection is usually 
slight and produces no clinical effect, but occasionally it may be severe. 
Wangensteen”" has pointed out that an adequate stoma decreases the 
cliuiger of cholangeitis following anastomotic operations uniting the 
biliary tract and the gastrointestinal canal, but that narrowing or partial 
occlusion of the stoma favors infection. Recent experimental studies 
of Bachracli and FogcLson® substantiate Wangen.steen's obseiwation. 

Gorham and have found that in some animals devoid of a 

competent sphincter there are other mechanisms for preventing re- 
gurgitation. There may be a one-way valve (as in the hor.se), large 
•piantilics of hepatic bile may keep the ducts flushed out (as in the hor.se 
and pigeon), or the cxtrahcpalic ducts may show peristaltic activity 
(as in the pigeon). 

A second function of the sphincter is to regulate the flow of bile into 
the intestine. The liver seeretas bile eontinuou.sly, but the latter is 
admitted to the duodenum only intermittently, depending upon the state 
of contraction of the gall bladder and of the sphincter of the bile duet. 
Whether or not the gall bladder evacuates when .stimulated depends 
upon the resist.nnee to flow of bile from the common duct into the du- 
o.ienum. The maximum expulsive force of the gall bladder is 30 cm. 
of bde pressure,’"” while a spastic .sphincter can re.sist a considerably 
greater force. If one grant.s that the gall bladder ser ve.s for the storage 
of bile for digestive purposes (and there is much evidence to .support 
such a content iotp - this regulatory function of the .sjdiincter is of 
considerable importance. 
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A third function of the sphincter is to aid in filling the gall bladder. 
If the sphincter ineclianism be destroyed, the gall bladder does not fill 
and the bile flows directly into the intestine. Some physiologists believe 
that the chief function of the gall bladder is as a pressure regulatory 
uiechanism to prevent the intraductal pressures from rising too high at 
times when the sphincter is closed. If such be the case, this third func- 
tion of the sphincter is secondary to the function of preventing duodenal 
regurgitation, but if concentrated gall bladder bile has any advantage 
over unconcentrated hepatic bile in the processes of digestion, the part 
played in the filling of the gall bladder is an important function of the 
sphincter of Oddi. 

A fourth function, attributed to the joint action of the longitudinal 
fascicles and the C-fibers, is to erect the papilla and facilitate the dis- 
charge of bile into the duodenum. 

The extent of nervous control of the sphincter of Oddi is still not 
settled. The so-called Doyon-HIeltzer la^v of reciprocal innervation of 
the gall bladder and sphincter of Oddi maintains that when the gall 
bladder contracts the sphincter relaxes as a result of reflex excitation, 
and during the storage of bile the sphincter is contracted and the gall 
bladder is relaxed. Evidence does indicate that there is a relationship 
between gall bladder and sphincter activity, but the mechanism of this 
relationship is not yet clear and the part played by the nervous .system 
is not known. Some experimental evidence''’’ -*'> indicates that 

nervous regulation of the sphincter may be important in animals. 
Boj'den,®® however, suggests that nervous control of this muscle in man 
is probably less important than hormonal control. lie has demonstrated 
that while experimentally induced spasm of the stomach will inhibit 
gall bladder evacuation in animals, this effect is not obtained in man. 
Furthermore. I"' have .shown that the human sphincfci’ of Oddi re- 
(sponds to a fatty meal even after the gall bladder has been removed, 
indicating that relaxation of the .sphincter under such circumstances is 
not dependent upon a reciprocal relationship as j)osfuInted by the 
Doyon-Meltzer concept. 

Eecently Eeieh''’" has reported one human case in which he sectioned 
the descending nerve on the posterior aspect of the hepatic artery in 
an attempt to decrease .sphincter tone. He reported that the procedure 
produced a decreased .sphinctci- rc.si.stancc and an altered re.sponse to 
the injection of morphine. Boydeid" has pointed out that there are 
objections to accepting Ileieh’s reijort as evidence of nervous control 
f the sphincter in man; and one of his .students recently has dcmoji- 
^Wed that elimination of the s})ecific (“gastroduodenal”) nerves to 
tl,e cholcdochoduodenal junction markedly retards evacuation of the 
tract (Johnson. 1941). Furthermore, subi.hrenic severance of 
he spHnehnie roots of the eeliar- manglia in the.se animals produces the 
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opposite effect, namely slight acceleration of How, but it is believed that 
this is due to section of nerves inhibiting the gall bladder reflexes which 
are not present in man/^ 

Painful sensations identical with biliary colic may be produced by 
spastic contraction of the sphincter of Oddi in man. This was demon- 
•strated first by Iw, Voegtlin, and Greengard (1933), who produced 
such a spasm in a single case by the injection of a secretin-cholecysto- 
kinin preparation,”'* and later by Butsch, UlcGowan, and "Walters, 
who observed colic in patients with sphincter spasm resulting from the 
administration of morphine. Zollingei’-^® and Layne and Bergh^^’ 
have produced sphincter spasm associated with colic by sudden dis- 
tention of the bile ducts. The pain in some cases remains localized in tlie 
epigastrium or right hypochondrium, while in other eases there is radia- 
tion to the interscapular or right subscapular region. Associated with 
the pain there is rigidity of the muscles of the abdominal wall, greatest 
in the right upper quadrant, and there may be inspiratory distress, and 
oeea.sionally nausea and vomiting.® 

Schrager and Ivy®"' have demonstrated that in animals similar pain 
responses may be abolished by splanchnic section, nausea and vomiting 
may be abolished l)y section of the vagi, and the respiratory disturbances 
arc reduced l)y section of either the splanehnics or vagi. There is very 
little information concerning the sensory innervation of the sphincter 
area in man, but it has been assumed to be similar. Snell, McGowan, 
and But.sch®*® have reported tliree patients upon whom right splanchnic 
section was undertaken in an attempt to relieve postcholecystectomy 
pain. The results were satisfactory in one case and unsatisfactory in 
two. The failures were ex])laincd on the "round that the left .splanchnic 
nerves, which had not been sectioned, may have carried sensory fibers. 
The more recent experiments of Boyden and Johnson*'’ would indicate 
that persistence of pain might also be due to failure to interrupt the 
les,scr splanchnic and first lumbar roots of the celiac plexus. 

METHOD or MEVSURING SIMUNCTER Ki;SISTANCE 

The siihincter resistance may he measured in patients with intubation 
of the common bile duct by a method similar in its essential principles 
to that emjdoyed in animal experiments by Jlann,*'''' Elman and 
McMa.ster,'**' and others. 

My studies were carried out uimn i>atients who ]n-eviously had under- 
gone cholecystectomy, choledoebotomy. and intubation of the common 
bile duet. As a preliminary procedure the anatomical status of the bile 
ducts was demonstrated to be nonnni by cholangiogniphie examination. 
Several weeks were allowed to intervene between the operation and the 
time of the exiicriments, and the stiidies were carried out after tlic 
patients bad fasted for eight bouiN. The invest igjit ions caused the 
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subjects no discomfort and anesthesia Avas not required. The patients 
rested quietly in bed in the supine position throughout all procedures. 

The apparatus, ■which Avas sterilized in the autoclaA^e, consisted of 
an infusion flask connected by a laibber tube to the choledoehostoniy 
tube. A Murphy drip bulb AA'as included in the S3^stem so that obsei’A’a- 
tions of floAA^ could be made. Tlie perfusion fluid aa'us sterile phj'siologic 
salt solution. At the beginning of each experiment all gas bubbles AA’cre 
evacuated from the aj’^stem, except for a small air gap in tlie Jlurph.y 
drip bulb. 

By elevating or loAA'ering the infusion flask, the pressure Avitliin the 
duct sj^stem could be altered, and it could be read direct^' on a centi- 
meter scale Avhich Avas adjusted so that the zero point AA'as at the esti- 
mated leA'^el of the common bile duet. In sucli a sj'stem, Avhen the ducts 
Avere filled Avith the perfusion fluid, there Avas no floAv as long as tlie 
sphincter resistance Avas equal to, or greater than, the pressure exerted 
by the column of solution. When the perfusion pressure exceeded tlie 
sphincter resistance there AA'as a Aoav Avliieh could be detected tlirougli 
the Murph}' drip bulb. Since the distensibilitj' of the bile ducts is 
relativelj' slight, anj' floAv of fluid resulting from small changes of 
pressure could be assumed to indicate that the fluid Avas floAA'ing into the 
intestine and that the sphincter resistance had been overcome. 

The column of saline solution AA’as adjusted to the exact level at AA’hicli 
it AA'as just supported AA'ithout alloAA’ing anj' floAv. At that point a drop 
of fluid Avould hang from the nozzle of the Murph.v drip bulb AA’here it 
Avould oscillate Avith respiration but AA'ould not fall. The pressure then 
AA'as read directly on the scale and AA'as recorded as sphincter resistance at 
that moment. 

Measurements of sphincter resistance AA'cre made succe.ssiA’cly at fre- 
quent intervals and Avere recorded. After thirty to ninety minutes of 
preliminary measurements, A'arious types of stimulation AA’cre applied 
in order to obsei'A'c their effects upon the sphincter mechanism. Except 
AA’hen it AA'as desired to investigate the combined action of drugs, only 
one type of stimulation Avas applied during a single day. 


CRiTici.SAt or Tni: method 

At the outset it must be emphasized that this method nieasure.s the 
total resi.stance to floAv of fluid from the bile duet into flic duodenum, 
including any influence of the duodenal musculature as Acell as the 
'ictivitv of the sphincter proper. The fact remains, honvvor, that the 
method docs measure the resi.stance offered by the functional sphincter 

mechanism. 

Factors such as friction in the tubes produce .slight errors, but 
Mann-^ has demomstrated that these are insignificant and the A-ali.es 
obtained arc reasonably aceurato. 
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The outstanding objection to the procedure is that the subjects upon 
■whom the experiments were perfoi'med all had undergone cholecystec- 
tomy, and therefore, ivere not entii'ely normal. 

Since the time of Oddi, a number of investigators have recognized 
that extirpation of the gall bladder in certain animals, such as the dog, 
eat, and goat,’^’’ and also in man,®' ^-®' may Jjg followed by 
dilatation of the biliary duets. In other animals, such as the guinea 
pig,^®^ this postoperative dilatation does not occur. Several explana- 
tions have been advanced to account for this change. 

The most widelj’ accepted explanation is that the dilatation is the 
result of increased intraductal pressure following cholecystectomy. 
This theory depends irpon a persistence of action of the sphincter of 
Oddi. In tlie absence of the gall bladder, which normally acts as a 
prassure regulator, the increased pressure must be accommodated Iry 
dilatation of the duct. 

Considerable evidence favors the validity of this explanation. Judd 
and ilann'^’ and Colp, Doubilet. and Gerber®" were able to prevent 
dilatation of the ducts by eliminating the action of the sphincter. The 
latter investigators also found that section of the sphincter in four 
animals with dilatation of the bile passages following cholecystectomy 
re.sultcd in a return of the duets to normal diameter. Potter and 
llann'®' observed an increased pressure within the common bile duet 
following cholecystectomy in dogs. Furthermore, dilatation of the 
ducts does not occur, or is only slight, following extirpation of the 
gall bladder in animals with very low sphincter resistance such as the 
guinea pig and rabbit.'®^®’ 

Pue.stow,’®"' on the other hand, slated that there is permanent loss 
()1 function of the sphincter of Oddi following cholecystectomy. He 
first observed this m dogs with a .special type of biliary fistula in which 
the exteriorized duodciuuu was slit open. From his experience with 
human subjects with cholcdochoslomy lubes, lie believes that there is 
a similar loss ot sphincter tone tollowing choleey.stectomy in man. 

Our oliseriations, and those of other investigators ujion human sub- 
jeets, howerei. contradict this view. lYnltcrs and his associates, 
Doiihdct and ( oip, and Laync and Bcrgh liaic demonstrated that a 
resistance to the flow of fluid from the bile duet into the duodenum 
still exists m patumts who have had extirpation of the gall liladder. and, 
iu tact, ai'tual spasm of the spUinvtev can be. produced." '''• 
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The more or less continuous flow of bile into the duoclemun which 
as been observed in animals following cliolecystectomy does not prove 
that the sphincter of Oddi has lost its tone, ft indicates only that the 
sphincter^ resistance is smaller than the pressure under Avhich the 
bile is being secreted. When the system has been filled with bile tlie 
pressure within the ducts must rise either until the sphincter resistance 
is exceeded, allowing’ flow into the duodenum^ or until the seeretorv 
pressure is exceeded so that no moi*e bile is formed, ^^ariations in tlie 
sphincter resistance can make the flow' of bile into the duodemmi inter- 
mittent even in the absence of the gall bladder. 

A second explanation of the dilatation of the duets is based upon the 
assumption that there may be pressure transmitted into the eonnnon 
duct from the duodenum as a result of incoinpeteuee of the sphincter. 
This theory is based upon the observation that dilatation of the duct 
occurs follow'ing implantation of the common duct directly into tlie 
intestine®^ and also following cholecystoduodenostomy'.''’" Under such 
conditions the action of the sphincter is eliminated. Bachrach and 
Fogelson,^ how'ever, suggest that in such cases the dilatation may he 
due rather to a temporary obstruction produced by sw'clling rc.sulling 
from the operation. 

Puestow’*”' has offered a third theorj’, suggesting that the dilatation 
may be due to a loss of tonus of the w'all of the bile ducts resulting from a 
local nervous derangement following cholecystectomy. Piicstow, himself, 
recognized that the small amount of muscle in the wall of the duets made 
such an explanation unlikely. 

The evidence seems to indicate, therefore, that the duets dilate be- 
cause of persistence of activity of the .sphincter mechanism. Whether 
the tone or response of the sphincter in man is altered by cholecystec- 
tomy cannot be stated definitely, since all stndic.s have been made in 
individuals w'ho have been operated upon. However, measurements of 
sphincter resistance in patients with eholedoehostomy tubes indicate 
that the sphincter does maintain tonus and activity following chole- 
cystectomy, and the figures obtained are similar in range to tliose i-c- 
ported by many different inve.stigators for the normal dog. In the ab- 
sence of a method for studying the sphincter resistance in entirely 
normal human subjeet.s, therefore, we arc .justified in {iccej)ling the re- 
sults of experiments carried out accordini: to the jji’oecdurc which has 
been described. 

xoR-w.M, .smii.vcTim nnsi.sTANi’i; 


Uthoiudi the sphincter resistance cannot he de(errnined in rntiHy 
normal individuals, we have considered tl.e mcasurwoonfs oht.ained in 
U.-vidmIs who had recovered from their operatm,,. uim were lechng 
’ and who h.ad fa.sted for eight hour.’, as -nonnal.- In s.n-h ea.,. 
rte 'sphincter usually withstood pressnr.-s hWuvm, ,o and 1-3 e.-n. o, 
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water. These figures are similar to those which and others quote 
as representing the normal intramural resistance in unanesthetized, 
fasting dogs. Our observations confirm the statement of Doubilet and 
Colp®® that the average sphincter resistance in man is probably around 
15 cm. of water. 

Changes of a feu millimeters in the intiuductal pressure occurred 
during respiration, and mai'ked changes were apparent during cough- 
ing, laughing, or vomiting, as a result of a temporarily increased intra- 
abdominal pressure. Even when the sphincter resistance appeared to be 
stabilized, changes of several ceiitimeteis’ resistance occasionally oc- 
curred spontaneously without apparent cause. Often the initial 
measurements were slightly higher than tlmse obtained subsequently. 


IRRITABLE SPHINCTER 

In some patients with eholedoeholithiasis, the sphincter remains ir- 
ritable for several weeks, or even montlis, after the removal of a cal- 
culus from the common bile duct by operative procedure. In such eases 
the muscle readily goes into spasm and the intramural resistance may 
reach 30 or 40 cm of water or moi'c, and usually fluctuates through a 
wide range instead of liecoming stabilized. We have supposed that such 
irritability is due to an inflammatory lesion (choledochitis secondary 
to stone) After sevcial months of external drainage of the duct the 
iintabilitj usually disappcais and the sphincter apparently returns to 
“normal “ McGowan and Ilenderson”* also report that patients unth 
an in it able sphincter have a lower “perfusion pain level” than pa- 
tients M ith a more nonual muscle. 

These obsenations have led us to utilize sphincter resistance tests as 
one of the criteria for determining the proper time for removal of a 
choledochostomy tube.® 

As early as 1761, iMorgagni"'“ suspected that spasm of the bile duet 
might piodiu'c clinical disorders Oddi, with his more complete under- 
standing of the anatomical arrangement of the muscular sphincter of 
the duct, mhanced tiiis proposition More recently the importance of 
si)limctei spasm m its i elation to symptoms has been empha.sized by 
Schmieden and Nicsson.='>‘’ John Berg,^ Jlcltzer,”''’ Wcstphal, Gleieli- 
manii. and Mann,='’' I\y and Sandblom,"-* Wallera,"*! Best and 
Ilicken,-' and others 
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Presumably a purely functional derangement ())iliary dyskiiics 
biliary dyssynergia) may produce sucli spasm, ])ut probald.v more 
the irritability of the sphincter is on an organic basis. Snell, JlcGc 
and Butsch^^'* have .suggested that local inflammatory processes 
induce sphincter .spasm, and Iv.y and Goldman^^” have pointed out 
inflammation of the ampulla could make the muscle hyperirrit 
Reflex contractions of the sphincter secondary to disturbances in 
remote organs have not been demonstrated in man. 


THE ItESnONSE OP THE SPHIXCTER TO POOD 


Slany investigators have observed that the ingestion of food is 
lowed by a flow o£ bile into the intestine. However, one may not i 
from .such an observation that food causes the sphincter to lelax, ; 
it is well Iniown that certain food substances may cause both an incre 
secretion of bile and contraction of the gall bladder. 

Winkelstein and Aschner,^'''' Cole,"'® MclMastcr and Elman,”- 
others have reported that food influences the sphincter to relax in d 
In human subjects there is little infoi-mation concerning the cpicst 
Carter'*'’ lias stated that the external drainage of bile from a ch 
doehostomy tube is decreased after a meal, indicating relaxation of 
sphincter. Walters'"^' described one patient in whom biliary ei 
produced by morphine, was relieved partially after eating. Best . 
Hicken”* inferred fi-oin cholangiogi-aphic evidence that cream i 
olive oil produced i-elaxation of the mn.scle. Psing direct measnrenu 
of sphincter resistance, Doubilet and Col|)'” found that, in one c; 
a full meal did not influence the s])Iiineter; in another patient a rii 
of .soup, two eggs, and ice cream liad no effect ; and, in a third e,- 
clear chicken .soup jirodneed .slight i-elaxation. 

Since information eoneerninir the response of the human sphinc 
to food is fragmentary, I Iiave'- carried out a sei-ie.s of 34 exporime 
in an attempt to di.scover the effects of a fatty meal, a protein meal, fi 
a carbohydrate meal. 

Before undertaking the.se studie.s, it was establi.shed that the ingesti 
of water alone did not influence the sphincter tone The effects of t 
different tyi)e.s of meals then were tested. 


A fattv meal eonsi.stinir of two i-aw eug yolks mixeil in a glass 
erenm and flavored with .smrar was given to 1.'. jmtients. In 4 .-i 


CrCal“ <niu II**"'*' •• • • 

ditional eases a meal of 30 to «0 <-.c. of olive ..il wa.s uiven. 1 In- oil w 
-iven by mouth in 2 eases an<I by duodenal tui.e in the others. 

" The protein meal, which was given to 4 patients, eonsisid of tl 
,vhites of two egirs and two slices of h-an, trimmed beef. 

, I meal which Was given to S |)alients. consisted ol 2f 

Thecal an.'f < f,.,,:/ juice and tuo thin slices of nnbultered «hii 
cc. of sweetened fnnl Jin<< _ ^ ^ ^ 


se-Uh fruit J-Tn. 


In 3 other eas-'.s tin- efieet ol ml r;i venous a' 
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iiinisti'atioii of 250 to 500 c.e. of 10 per cent glucose solution was studied. 

The egg yolk meal produced sphincter relaxation in 14 of the 15 ex- 
periments. The relaxation began following an average delay of four 
minutes after inge.stion of the meal. Previous to the relaxation in one- 
half of the eases there was a brief initial increase in sphincter resistance. 
This initial elevation of .sphincter tone might account for the frequently 
occurring “two-minute pause’’ preceding the initial phase of gall 
liladder emptying as described by Boyden.*' The average maximum fall 
of sphincter resistance was 7 cm. of water pressure and occurred twenty- 
one minutes after ingestion of the food (average). The total average 
duration of the finst phase of relaxation was thirty-four minutes. Subse- 
quent fluctuations of sphincter resistance included relaxations and con- 
tractions of the muscle capable of determining later phases of gall blad- 
der emptying. Periods of I'elaxation sometimes were observed for as 
long as two or three hours after the meal. 

In the experiments in which olive oil was administered the effect ivas 
insignificant. The negative rc.sult might be due to the fact that fresh 
olive oil was used. Rost''-’® has reported that old olive oil produces a flow 
of bile in dogs, hut that fre.sh oil is ineffective. Best and Hicken^“ 
state that warm olive oil produces relaxation of a spastic sphincter, 
and that it is effective on the choledochal side as well as when it is placed 
info tile duodenum. 

Tlic protein meal produced sphincter relaxation only once in 4 ex- 
]ieriment.s. In the other 3 ea.scs there was no effect. In dogs, Jaeob-son 
and (fydeson”" oliserved some relaxation from protein stimulation, 
but McWhorter''’' found no effect. 

Xeither a carliohydrate meal nor 10 per cent glucose solution admin- 
istered intravenously had any significant effect upon the sphincter. 

The.se observations may bo correlated with the well-known facts con- 
eerning the efiecls of food upon the gall bladder. Fats produce the 
greate.st emit racf ion of that organ, proteins rank next, and carbohydrates 
are jiraetically ineficclive in causing gall bladder evacuation. 

Since the subjects upon whom the experiments were performed had 
undergone cholecystectomy, it is apparent that the responses of the 
sphincter ol Odili to food are not dcpemlenf upon the jire.senec of the 
gall Idadder. ( ontraetion of the gall bladder and ndaxation of the 
sphincter loilowing a tatty meal appear to he indejiendent reactions to 
tile same stimulus. 


Tin; r.rri;eT or soiurji deiiydkoi'hoi.ate 

It is well known that bile and bile salts sthiudate an increased .secre- 
tion ol bile both ill experimental animals and in man.”"’ =“ The n.se 

of tlwsc .snbstuuecs as theva]>eutie agents make.s it desirable to learn 
their effect upon the coiistitncnt parts of the biliary system. It has been 
rei.orted that they in-oduce relaxation of the gall biadder'- in addition 
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to their choleretic action. According to Winkelsteiii and Aschner,-^* 
bile salts produce a decrease of sphincter tone in dogs. 

In 8 human subjects we studied the effect of the intravenous injection 
of 0 to 10 c.c. of 20 per cent sodium dehydrocholate. The results were 
variable. Slight relaxation of the sphincter occurred in 4 casc.s, tliere 
was no effect in 3 cases, and in 1 case an increased tone of the spliincfcr 
was produced. Best and Hicken-®’ reported an increased intraductal 
pressure after administration of sodium dehydrocholate to lunnan .sub- 
jects with choledoehostomy tubes. 


THE RESPONSE OP THE SPHINCTER TO DRUGS 


In a series of 176 experiments, the effects upon the .sphincter re- 
sistance following the adniinisti-ation of various drugs were studied. In 
the case of some of the drugs no eomparahle observations hare been re- 
ported previously. In other eases the observations of earlier invc.sli- 
gators were confirmed or contradicted. The obvious clinical value of 
knounng the action of various drugs upon the sphincter of Oddi re- 
quires no comment. Beyond that, however, certain inferences concern- 
ing the physiology of the sphincter may he drawn from the data which 
iiave been secured. 

Morphine . — In 8 experiments we observed tiiat morphine sulfate, in 
doses of to % gr. subcutaneously, produced a prompt and prolonged 
increase in sphincter tone. (The increase in sphincter lone following llie 
administration of any of the opiates which are included in tin's review 
may pereist for more tlian two houis.) 

Reaeh,”®'''’^ working with guinea pigs and rabbits, was tlie fii’sf to 
demonstrate that morphine produced a contraction of the .sphincter of 
Oddi (1913). This was confirmed in dogs by Iwanaga,"'’ Kitnkoji,’^'’’ 
and Lueth.”® Butsch, IMcGowan, and Walters'’'' .sliowcd that tlie same 
effect oecim’cd in man, and our experiments, as well as lho.se of Douhilet 
and Colp,“® confirm this ob.servation. Butsch. itreriowan, and Walters 
reported that the effect of morphine was evident witliin two and one- 
half to five minutes after injection of the drug, and reached its riia.x- 
imum within fifteen minutes. Confirmatory rc.sidt.s have been obtained 


ly others. 

J Berg,' Butsch. IfcCowan, and Walters.'' and Sruaiird''' have re- 
oorled patients in whom morphine jirccipitatcd attacks of liiliary colic 
We have oKserved similar cases. Sometimes liie sphincter sfiasrn ami 
[he pain relieved by the administration of 

imyl nitrite'’'' or by a fatty meal.” 

Corkinc (Mciln/I lfnrphtnfJ.~Hiilsrh, ilcHowan. and Walt. is'^ hinr 
tint codeine produce.-, a iwolorigcd contraction of tlm s/diinc|cr. 
n dic elevation of sphincter tom- B not as gn-at nor as sc. iftl, 
Produced as in the ease of niondiim’. Jn fi experim.-m., n.ing a 1 c, 
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dose of codeine administered snbcutaneonsly, onr results confirmed tlie 
observations of Butseli, SleGowan, and W alters. 

Panioiwn (Pantopium IlydrocMoricle). — ^Pantopon consists of the iso- 
lated alkaloids of opium in their natural proportions. In 5 experiments 
we observed an effect from pantopon almost exactly like the effect pro- 
duced by morphine. A prompt contraction of the sphincter followed 
the injection of gr. doses of the drug, and the increased intramural 
resistance persisted for long periods of time. 

Reaeh'®^ was the first to show the action of this drug upon the 
sphincter (1920). He obseri’ed that it caused increased sphincter re- 
sistance in the guinea pig. Butsch, ilcGowan. and "Walters^^ demon- 
strated a similar effect in man. Nygaard*'® reported haidng observed a 
])atient with postcholecystectomy pain in whom pantopon induced at- 
tacks of biliaiy colic. 

Bilaudid (Dihydromorpliinonc Hydrochloride). — Dilaudid is said to 
exert less effect upon the alimentary canal than morphine, but we found 
the effect of the two drugs upon the sphincter to be almost identical. 
In 4 experiments the subcutaneous injection of dilaudid (in doses of 

gi'.) Avas followed by a pi'ompt contraction of the sphincter, with a 
prolonged elevation of the intramural resistance. Butsch, i\reGowan, 
and Walters” have reported similar findings. 

Amyl Nifrifc. — The nitrites and the organic nitrates which are re- 
duced to nitrites in the body decrease the tone of smooth muscle gen- 
erally, and as a result of that property have proved beneficial in certain 
cases of biliary colic. 

In 1915. Lie!) and ^McWhorter”'"’ demonstrated that amyl nitrite pro- 
duced a loss of tonus in the isolated gall bladder of the dog. Reach,”^ 
however, was unable to show any significant effect upon the sphincter 
in guinea pigs. 

Butsch, ^leGowan, and Wall el’s”- in their studies on human 
sub.iccts found that inhalation of amyl nitrite immediately lowered an 
elevaled intrabiliary pressure, whether the elevated prcs.sure was spon- 
taneous or the result of a previous injection of morphine. If pain was 
associated with the elevated pressure, it was relieved by the drug. Re- 
lief from biliary colic after inhalation of amyl nitrite has been reported 
sul).sequently by others.’'^- 

t)ur exiieriments (11 ca.so.s) confirmed the observation that amyl 
idtrite produced relaxation of tlie .sphincter. In most eases the relaxa- 
tion was almost immediate. :ind the sphincter resistance returned to the 
original le\el within ten minnte,s. Occasionally, however, in the pres- 
i-nee ot a spastic sphincter, relaxation did not occur. In .such instances 
tile pain as.socialcd with the sphiueter spn.sm did not disappear. Clin- 
ical experience supplements ihLs observation, for many eases of bib'arv 
t’lilu' f'ainiot Ik* roVicvofl Ijy amyl nitrite. 
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to tiicir cliolcrctic iiclion. Acoordiiifj to Winkel-stoin and Asdincr,"” 
l)ile sails prodnoo a dofroaso of .sphincter lone in dogs. 

In 8 lmina7i sul)jo(;ls avo .studied I lie effect of the intravenous injection 
of 5 to 10 c.c. of 20 per cent sodium deliydroeliolate. The results AA'cre 
variable. Slight relaxation of the .sjAhincter occurred in 4 cases, there 
was no efieet in 3 cases, and in 1 case an increased tone of the sphincter 
Avas produced. Best and Iliclcen-®- reported an increa.sed intraductal 
piX'.ssui'c after adininislivition of .sodiiun dehydi’ocholate to human .sub- 
.jecls Avith eholedocho.stomy tnbc.s. 


Tlin RK.SI'OX.SK OF 'VI IE SFfllX'CTEK TO DRUG.S 


In a series of 176 expcriment.s, the effects upon the sphincter re- 
sistance folloAving the administration of A'arions drugs AA'ere studied. In 
the case of some of the diaigs no comparable observations have been re- 
ported previously. In other cases tlic observations of earlier iiiA'esti- 
gators AA'ere cojifiianed or eoJitividielod. The obA’ious clinical A'aliic of 
knoAving the action of various drugs upon the sphincter of Oddi re- 
quires no comment. Beyond that, hoAvever, certain inferences concern- 
ing the physiology of the sphincter may he draAvn from the data AA'liieh 
have been secured. 


Morphine. — In S experiments AA-e obset-A'ed that morphine sulfate, in 
doses of Me to Ya gr. subcutaneously, produced a prompt and prolonged 
increase in sphincter tone. (The increase in sphincter tone folloAving the 
administration of any of the opiates AAdiich ai’e included in this reAueAV 
may persist for more than tAA'o hours.) 

Beach, AA'orking Avith guinea pigs and rabbits, Avas the first to 
demonstrate that morphine produced a contraction of the sphincter of 
Oddi (1913). This aa^s confirmed in dogs b 3 ^ lAA'anaga,”^ Kitakoji,'^® 
and Luetli.^®® Butsch, McGoAAmn, and Walters®” shoAved that the same 
effect occurred in man, and our experiments, as Avell as tliose of Doubilet 
and Colp,“® confirm this observation. Butsch, JlcGoAvan, and Walters 
reported that the effect of morphine Avas evident Avithin tAvo and one- 
half to five minutes after injection of the drug, and readied its max- 
imum Avithin fifteen minutes. Confirmatory results haA'e been obtained 


by others. 

J Berg,® Butsch, McGoAvan, and Walters,”” and Nygaard''” have re- 
orfed patients in Avhom morphine precipitated attacks of biliai-.A' colic. 
We have observed similar eases. Sometimes the sphincter spasm and 
the pain in such instances may be relieved by the administration of 
amyl nitrite®”- ”” or by a fatty meal.” 

rndcine (Methyl jUorphineJ. -Butsch, McGou-an, and Waltons®® have 
\ a codeine produces a prolonged contraction of tlie sphincter, 

ITImI fte Ivation of spWnclcv to„e « ,.ot no ero.l no.- no n.vit.l.v 
but tliai morphine. In 6 experiments, using a 1 gr. 

produced ^ 
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bile in most eases. The flow of bile into tlie duodenum, however, cannot 
be accepted as an indication of .sphincter I’elaxation. 

jl/flpji c.siuni Siilfnic . — The use of magnesium sulfate for nonsurgical 
biliaiw drainage” makes the study of its action upon the sphincter of 
Oddi of especial interest. 

In 1917, Jleltzer’''’ .suggested that if magnesium sulfate were intro- 
duced into the duodenum it might cause relaxation of the sphincter, 
and probably also contraction of the gall bladder (“Law of Contrary 
Innervation”). Lyon’-"’' applied this .suggestion to human patients 
and observed that the introduction of this drug into the duodenum 
induced a flow of bile which was light yellow at first (A bile), but 
which later became darker and more viscid (B bile) . 

McWhorter, Jacobson and Gyde.son,”® Winkelstein and Aschner, 
Iwanaga,”“ Shi,*'“ and others reported that it caused relaxation of the 
sphincter in dogs. Lueth’’*® stated that 5 e.c. of 25 per cent solution 
produced a tem])orary decrease in sphincter resistance with a return to 
the original level after one or one and one-half minutes. InstiPation 
of 20 e.c. of the same solution re.suited in either an increase or no change 
in intramural resistance. Puestow’®® stated that magnesium sulfate 
had an inconstant stimulating effect upon the duodenal musculature in 
dogs, but no evident independent activity upon the orifice of the 
cholcdochus. Gantt and Yolborth®’ observed that the introduction of 
magnesiiun sulfate solution into the duodenum of the dog was not fol- 
lowed by the expulsion of bile and that the drug did not have any con- 
stant effect upon the ])rossure within the gall bladder and bile ducts. 
Boyden and BirclP®- “ noted that magnesium sulfate given by mouth or 
by duodenal tube to eats did not induce emptying of the gall bladder. 

In one human subject. Ivy, Voegilin, and Greengard”^ apparently 
relieved s])asm of the sphincter (which had been provoked by the intra- 
venous injection of a secret in-eholeeystokinin mixture) by the instilla- 
tion of magnesium sulfate into the duodenum. Doubilel and Colp®® 
and Best and IliekeiP’’ also reported sphincter relaxation following the 
administration of magnesium sulfate in man. 

Hergh and Layne'’ observed that a 12.5 (!m. dase of magnesium 
sultate may )iroduee any one of foui* types of effects upon the sphincter 
of tlie common bile diiet in man. It may ])roduee relaxation with or 
without an initial contraction, it may jiroduee an initial contraction 
followed by a return to the original tonus level, or there may be no 
effee). sphincter ndaxation oeeurred Ihirly-three times in a series of 
forty. two observations. The relaxation, however, frerpiently was pre- 
ceded by a temporary inerea.sed intramund re.sistanc<‘. 

There has been some tpieslion as to the effect ivimess of the oral ronle 
of adminisiration oi inagnesinm sulfate as compared to dttodcnal in- 
stillation Mellrer” ■ staled that tlie .salt is ineffeelive when given by 
month. I,ppinger - also advised dtiodemd instillation of the drug. 
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Ntiroghjccrin (Ghjccnjl Trimlraic).—ln 1936 Best and Hicken^^-^' 
and Bidsch, illcGowm, and WaHers'- independenUr described the 
relaxing efieot ol nili-on-lyctn-in upon llio spJiineler, showing that it pro- 
duced a more i)rolonged, but less marked effect liian amyl nitrite. Our 
ob.scrvalions avci-c confirmatory. Nilroglyeerin (i^oo gi'- tablet under 
the tongue) ])rodueed relaxation of the sphincter which wa.s maintained 
foi fifteen to sixty minutes in 6 of our 7 eases. In the other case a spasm 
of the sphincter oeeuri'cd. Relief fi'om biliary colic after the admin- 
istration of niti'oglyeerin has been dc.seribed by a number of clini- 
eians.**'=“- 220-=.!* 


Lri/tJirol TcinniHrale . — The action of ei’ythrol tetranitrate upon 
smooth muscle develops slowly but pei'sists for long periods. It is 
desirable to know, therefore, whether this drug produces a prolonged 
relaxation of the .sphincter of Oddi. Two experiments were carried out 
(using 1 gr. of erythrol tetranitrate by mouth), and in neither ease did 
the drug produce any significant change in sphincter resistance. 

I'licopliijllm EtJiylenediamine. — Snell, McGowan, and Butsch^^® re- 
ported one patient in whom the intravenous injection of theophyllin 
etliylenediamine produced relaxation of the sphincter, and Butsch, 
McGowan, and Walters"'’ demonstrated that this drug could decrease 
the intrahiliavy pressure which had been increased by the administra- 
tion of codeine. In 5 experiments (using 0.24 Gm. of the drug) we were 
unable to demonsti-ate any significant effect upon the sphincter re- 
sistance after the intravenous injection of theophyllin etliylenediamine, 
even though the original intramural resistances were as high as 20 cm. 
of water in 2 of our eases. We did not measure the effect of the drug 
in any ease with a spastic sphincter. 

Trasentin- (Diplienylacetyldietliylmninocthanol). — Spier, Neuwelt, and 
Necheles""® demonstrated that trasentin caused relaxation of the gall 
bladder of the dog, and assumed that it produced a similar relaxation 
of the sphincter of Oddi. Macdonald”^ stated that the drug would 
decrease sphincter tonus in human subjects. We measured the sphincter 
resistance in 5 patients after the intramuscular injection of 75 mg. doses 
of trasentin. In 2 of the cases there was no change in the intramural 
resistance, and in the remaining 3 instances the relaxation wa.s slight. 


Papaverine. Papaverine is said to relax the tonus of smooth muscle 

without paralyzing contractility. However, in 3 experiments we found 
that it did not influence the sphincter resistance vhen given in % gr. 
doses Neither did if prevent the elevation of the intramural i-esislance 
f Umvino’ the administration of morphine. Similar findings have been 
° ofted'^by Butsch, McGowan, and Walters'”’ and Doubilet and Colp.'’" 
0°n the other hand. Reach’"" reported that it produced sphincter relax- 
• ■ the o-uinea pig, Bla.s.s"® .stated that when papaverine wa.s 

ation^in ^ dviodenum of human subjects it caused a flow of 
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while othei’s reported the opposite effect.'*^’ Oddi’^'® found that acid 
caused a conti’actiou of the sphincter in animals. Archibald" reported 
similar findings. Jacobson and Gydesoid*® stated that the introduction 
of 0.4 per cent acid was followed by an initial sphincter contraction and 
increased intraductal pressure, but with a subsequent decrease. On the 
other hand, Cole,®® Iwanaga,^^® and Giordano and Jlann®® observed that 
hj'drochloric acid decreased the resistance of the sphincter. 

In human subjects Doubilet and Colp®® foiuid that the instillation into 
the duodenum of 0.9 per cent hydrochloric acid caused a spasm of the 
sphincter. We have confirmed that observation in 1 case with 0.5 per 
cent acid. 

Histamine. — Histamine, when injected subcutaneously, generallj" pro- 
duces stimulation of the tone of smooth muscle, but the susceptibility 
of different muscles varies, and some are not affected at all. The in- 
testinal muscle is only slightly affected, but the drug does produce some 
contraction of the gall bladder.®^- 

The effect upon the sphincter of Oddi was studied in 6 experiments 
after the subcutaneous injection of 0.5 mg. histamine phosphate. In 3 
patients there was no effect. In the other 3 there was relaxation, pre- 
ceded in 1 ease by an initial contraction. 

Reach'®® reported that histamine exerted no significant effect upon 
the sphincter in guinea pigs. Lueth'®® found that it caused an increased 
intramural resistance in dogs. Butsch, JIcGowan, and Walters®®’ 
ol)served that, in man, the injection of 0.6 mg. histamine had no effect 
upon the pres-surc within the common bile duct. 

Epinephrine . — Epinephrine has been reported to cause contraction, 
relaxation, or to have no effect upon the gall bladder.®’ ®®’ ®°’ ®'’ ®®’ ®'’ 

It appears that its effect must be variable. There is a similar disparity 
in reports concerning its action upon the sphincter. McWhorter'®' re- 
ported that epinephrine increased the tension of the sphincter in dogs. 
Lueth’®® stated that it decreased the intramural resistance in doses of 
1 to 5 e.c. of 1 :10.000 solution, but that the opposite effect usually was 
obtained with smaller doses. Winkelstcin and Aschner,®" Iwanaga,"® 
and Shi®'® reported relaxation of the sphincter in dogs following the 
administi’ation of epinephrine. Kitakoji'®'"- .stated that there was no 
signifieai\t effect from the dnnr. Butsch. iMcGowan, and Walters,®® 
Rest and Ifieken,®'' and Doubilet and Colp®' reported that, in man, there 
wiis little or no effect upon the sphincter following injections of 
epinephrine. 


We studied the effect of eiiinephrine (10 minims of 1:1.000 .solution 
suhcutaneously'i upon the sphincter of Oddi in 9 experiments. The 
results were variable. There was no sisnificant effect in 2 cases; in 
■1 <’ases relaxation of the sphincter was produced : and in 3 cases injection 
oi the dnm was followeil by ;\n inerease<l intramural resistance. 
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Dunii and Connell'' di.sagi'eed, and slated that one would not expect 
inactivating change in the magnesium sulfate to occur during its } 
sage through the stoinach. Best and Jlicken"^ noted that the drug j 
duced a relaxation of the sphincter (as inferred from cholangiograi 
when administered orally or iniraduodenally. Bergh and Layi 
found that the relaxing effect of magnesium sulfate is similar whet 
the drug be given by jnouth or administered intraduodenally. Howei 
this relaxing effect is not great. It is less constant and weaker tl 
the effect pj'oduced by aniyl nitrite or by a tatty meal. Furthermc 
the same authors in conjunction with Boyden^^'’ recentlj’’ have found t' 
magnesium sulfate acts primarily on the gall bladder and not on ■ 
sphincter in causing a flow of bile into the duodenum. 

Calcium Chloride and Calcium Gluconatc.—Eleven experiments wi 
carried out to study the effect of the intravenous injection of 10 c.c. 
10 per cent solutions of calcium chloride and calcium gluconate. I 
results were not constant. Conti'action of the sphincter followed t 
injection of the drug in 3 cases, and slight relaxation occurred tmi 
In the remaining 6 patients there was no significant effect. 

Butseh, McGowan, and Walters'’® reported that the intravenous i 
jection of calcium chloi'ide failed to lower the pressure within the hi 
duct in human patients. Winkelstein and Aschner®^^ stated that tl 
intraduodenal injection of this drug produced an increased tonus 
the sphincter of Oddi in dogs. 

Hochman®'’^ and Lampson and Simeone®®’ reported ha^dng observe 
patients in whom relief from biliary colic folIoAved the intravenous h 
jection of calcium salts. In the light of our experiments it seems ui 
likely that such relief could be due to relaxation of sphincter spasn 
Neither is it likely that the relief is due to relaxation of the gall blac 
der, since it has been reported that calcium salts produce augmentatio: 
of tonus rhythm-^** and some evacuation's^ of that organ. 

Ethyl Alcohol . — The effect upon sphincter resistance of the intra 
duodenal instillation of 15 to 25 c.c. of 95 per cent ethyl alcohol dilutei 
to 50 c.c. with Avater Avas studied in 3 experiments. In 1 case then 
Avas no effect, and in each of the other 2 there was a A^erj^ slight relaxa 


tion. 

Nygaard”® observed a patient Avitli postcholecystectomy colic in Avhoiv 
the in<»estion of alcohol initiated the pain. Butseh, BIcGoAA'an, and 
Walter®® stated that, in man, 30 c.c. of alcohol had no effect upon the 
pressure Avithin the bile duct. Cole®* reported that, in the dog, alcohol 
•n the stomach usually produced no effect upon the sphincter resistance, 

but occasionally it caused a definite reIa.xation. 

Hudrochloric Acid.— Reports concerning the effect of hydrochloric 
■/ on the sphincter of Oddi have been conlradietoiw. A number 
acid upon .,,__„.pfed that the application of dilute hydrochloric 
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relaxation of the sphincter of Oddi. Iwanaga/’" inkelstein and 
Aschner, Kitakoji,’=« Lueth,"^ and Shi=>- reported relaxation of the 
sphincter in dogs after the administration of atropine. On the other 
hand, EeaelP®" ohserved that the drug \isna% pv-odwccd contraction 
of the sphincter in guinea pigs, and Cole^® stated that it had no effect 
upon the sphincter resistance in dogs. 

On the basis of animal experiments .showing relaxation of the sphinc- 
ter following the administration of atropine and contraction following 
the injection of pilocarpine, several inve-stigators have inferred that the 
autonomic nervous system plays an important role iu the regulation of 
sphincter activity in tlie dog. In man, however, we have observed that 
atropine and pilocarpine do not influence tlic intramural rc.sistanee. 
This suggests that the parasym])athetie nervous system does not jday an 
important part in the regulation of .sphincter activity in human suh- 
.iects. 

Acciyl-Bcitt-Mcthylcholine Chloride (Mcchohjl )- — In 2 patients wc 
studied the efl'eef upon the sphincter of the subcutaneous injection of 
in and 20 mg, doses of aeetyl-beta-inethylcholine chloride. In 1 case a 
contraction of the sphincter followed the injection of the drug and per- 
sisted for more tiian thirty minutes. In tlie otlier, there was little 
change except for a short period of increased sphincter resistance. 

Kitakoji'-' rcpoifed that acetylcholine caused contraction of tlie 
spliincler of Oddi in dogs. Lucth's’’’'* findings were similar, but were 
not constant. In two of his experiments the intramural resistance de- 
creased, even thougli the intradnodenal pre.ssnrc remained unchanged 
or increased. Bnt.sch, Itcti'owan, and Wallers''' observed no effect upon 
the intrahiliary pressure in man following administration of the drug. 

BUoairpinf . — In S exiioriments wc measured the effect of the suh- 
ctUanoous injection of 6 mg, ttf pilocarpine upoi\ the sphiuctev vcsistauco 
in human sulijccts. In 7 patients (here was no change in intramural 
resistance, and relaxation was produced in 1 case. The importance of 
tliis ohsei'vation in relation to inferenecs coneerning the mechanism 
of regulation of the sphincter aetivity already has been diseussed. 

In animals, on the othei hand, piloearpine cnnsc.s contraction of both 
the gall hladder .-tnd the siihiuelor. Rcaeli"’-' was the first to study the 
efiVet of this drug njxm the sphincter (1920), He ol)served that it 
caused a prompt eontraetion in guinea jiigs. Winkelstcin and Ascli- 
ner.”* hvanaga."' Kitakoji.'^'- Imoth.”' ami Shi-” olrserved a similar 
effect upon the sjihineter re.sistanee in dogs. 

\\ cstphal noted tliat, in pregnant women .studied hy flnodenal aspira- 
tion, tile initial efi'eei of pilocarpine was to inhibit (he flow of bile. 
Stihs,.<itiently there was a flow of dark Ihle. WestpUal uttrilnUed that 
response to ;i temporary si)asm (»f the sphincter of Oddi resulting from 
pilocarpine stimulation. Since that lime, however. Tautiiri ami 
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hplicdnnc . — In 4 expoviinonls the results of the sul)cntaneoiis injec- 
tion ol 50 in", of ejiliedrinc sulfate, like tliosc following epinephrine, 
were variable. In 1 ease tlie drug produced contraction of the sphincter, 
in anotlicr iiatienl it caused a temporary rela.xation, and there was no 
effect in the remaining 2 cases. 

Butscli, jMcriowan, and Walier.s"’" and Best and Ilicken-^ reported 
that ephedrine had no effect upon the human sphincter. 

Benzedrine Sulfide (Benz)il Methyl Carbinaminc Sulfate). — Benze- 
drine has been reported to ean.se relaxation of the gall bladder in an- 
imals,'''’ and to have no effect upon tlic gall bladder in man.-"® There 
have been no re]iorts concerning its action on the .spliineter of Oddi. 

The effect of the subcutaneous injection of 20 to 30 mg. of benzedrine 
sulfate was studied in 6 experiments. Tlie results ■were somewhat vari- 
able, but indicated that tlie effect was probably insignificant. 

Caffeine Sodium Benzoate . — In S experiments the subcutaneous in- 
jection of 7.5 Oin. of caffeine sodium benzoate was found to produce no 
significant effect upon the spliineter resistance. 

Keach’"" stated that caffeine citrate produced contraction of the 
sphincter of Oddi in guinea pigs. Lueth,”® on the other hand, reported 
that caffeine caused no change in the intramural resistance in dogs, 
while Iwanaga"" stated that it produced relaxation in dogs and rabbits. 
Butseh, hlcGowan, and Walters"’’ repoited that caffeine sodium ben- 
zoate produced no effect upon the sphincter in human subjects. 

Atropine . — In 11 experiments we studied the effect of the subcu- 
taneous administration of atropine sulfate in doses of y^o to Koo 
In 10 eases there was no significant change in the intramural resistance, 
and in 1 case the resistance was slightly decreased. 

Clinicians have assumed that atropine paralyzes the innervation of the 
smooth muscle of the sphincter of Oddi, causing relaxation, but there 
is little evidence that this actually occurs in man. Volini and 0 ’Brieii”" 
have pointed out that atropine almost always fails to relieve biliary 


cone. 

Butseh, McGowan, and Walters"" found no effect from atropine upon 
the sphincter in man. Doubilet and Colp"® stated that the drug does 
not inhibit sphincter spasm following the injection of morphine, but 
that it does prevent spasm following the intraduodenal instillation of 
hydrochloric acid. They also reported one case with an irritable 
diineter in which atropine seemed to decrease the irritability. 
p\ram’®" reported a patient in whom cholangiography showed a spastic 
Tfilincter with no emptying for almost an hour. After the inf ravenous 
of 1 mg. of atropine, a roentgenogram showed the con- 

^'^'"r^Pdium to be flowing into the duodenum. 

The preponderance of evidence, including our own, indicates thal 
^ ^ not cause the human sphincter to relax. Most experi- 

atropine oes nnimals, on the contrary, atropine does produce 

menters agree that m ai 
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relaxation of the sphincter of Oddi. Iwanaga.^'“ 'Winkelstein and 
Aschner,-" Kitakoji,'-'’' Lneth,«« and Shi=’= reported relaxation of the 
sphincter in dogs after the admini-stration of atropine. On the otlier 
hand, Keacld"" observed that the drug ii-snally produced contraction 
of the sphincter in guinea pigs, and Cole'" staled tliat it had no effect 
upon the sphincter resistance in dogs. 

On the ba.sis of animal experiments shorvinir relaxation of the sphinc- 
ter following the administration of atropine and contraction followins 
the injection of pilocarpine, sevex'al investigators have inferred that the 
autonomic nervous .system plays an important role in the regulation of 
sphincter activity in the dog. In man, houever, we have observed that 
atropine and pilocarpine do not influence the inti’amimal resistance. 
This suggests that the parasympathetic nervous system does not play an 
important pail in the regulation of .sphincter activity in human sub- 
.icets 

Accitjl-Ucia-Mcfhylcholuic Chloride (Mcchohjl ). — In 2 jiatients we 
studied the eft'cct upon tlie sjjliincter of the subeutaneou.s in.jection of 
15 and 20 mg. doses of acetyl-beta-methylcholine chloride. In 1 case a 
contraction of the sphincter followed the hyiection of the drug and per- 
sLsted for more than thirty minutes. In the other, there was little 
change exceiit for a short period of increased sphincter re.sistancc. 

Kitako,)]'-" reported that acetylcholine caused contraction of the 
siihincter of Oddi in dogs Lueth's'"' findings nerc similar, but were 
not constant In ts\o of his experiments the intramuial I’csistanee de- 
creased. exen thougli the intraduodcnal pressure temained unchanged 
or increased But.sch, Met Jon an. and WaltciN ' observed no effect upon 
the intrabihary pressure in man following administration of the dnig. 


CiloKirpiiu -In N experiments ne measured the effect of the sub- 
cutaneous in.iection of 6 mg of inlocarpinc uiion the sphincter resistance 
III human subjects In 7 iuiticnts there was no change in intiamural 
U'sistanee, and lelaxatum was produced in 1 case. The importance of 
this (>!)ser\ atiDii ni iclatioii to infeicnecs eoneerning tlie mechanism 
of icgulation ot the siihincter aeti\it\ alieady has been discu.ssed. 


In anun.iis, un tiie othei liaiid. piloc.iijiine eause.s contraction of both 
the gall bladder ami the sphincter Reach'" was the first to studs the 
eilts't 111 this ding ujion the splinictcr (192t)) lie obsersed that it 
e.uised a iiiompt eontraction in guinea pigs Winkelstein and .Vseb- 


niT.'" Iwanaga." Kitako.ii.'=' Luelh.' " and .'^hr 


oii-scned a similar 


( ffeet ui>on the sphmetei i-cM-,tanee in dogs. 


t\est[ili,il Iioteii th.if. in pregnant women .studied b_\ duodenal asjuia- 
tmu, the initial efieci of luhie.upme was to inliiliit the flow of bile 
.'^ubMipantly there w.k a flow «f daik bile Westiihal attributed that 
l.spuu-e to .1 tuiiimr.iry s),.,sm of the sphinetu’ ol ( Iddi lesulijng fiom 
piloe.ui.ine sinnnl.uion Suice tlui time, howescr, T.mturi and Ivv"' 
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liavc demonstrated that pilocarpine causes first an inhibition and then 
a stimulation of the secretion of bile, so Westphal’s observations could 
be explained without considering any activity of the sphincter. 

P)osii(jminc (Dvnctlnjl Carhamic Ester of Oxyplienyl-Trhndliyl- 
Avimonntm Methyl Sulfate). — Tanturi arid Ivy--“ reported that prostig- 
inine caused a primary inhibition of bile secretion, lasting five to ten 
minutes, followed by stimulation. There has been no information con- 
cerning its effect upon the sphincter. 

In 6 experiments we observed that the subcutaneous injection of 1 c.c. 
of 1 ;4,000 solution of prostigmine did not influence the sphincter of 
Oddi in 4 of the human subjects. Sphincter relaxation followed in- 
jection of the ding in 1 patient, and in 1 case there was slight sphincter 
contraction. 

Posterior Pituitary Extract. — ^Lueth^^® and Shi”® reported that poste- 
rior pituitary extract caused relaxation of the sphincter of Oddi in dogs, 
■while Cole®® stated that it produced an increase in the sphincter re- 
sistance. 

In 4 human subjects we observed no significant effect upon the sphinc- 
ter after the subcutaneous injection of postei’ior pituitary extract 
(1 c.c. pituitrin). 

SUMMARY 

Anatomists have demonstrated a distinct sphincter of the common 
bile duct, and physiologic studies have indicated that it can function 
independently of the intestinal musculatui’e. In addition to the action 
of the intrinsic sphincter, it is possible that duodenal motility and tone 
may influence the resistance to bile flow. However, in man the anatom- 
ical arrangement of the window in the duodenal muscle through which 
the bile duct enters the intestine is such that duodenal peristalsis prob- 
ably exerts a minimal effect. 

Fimctions which have been attributed to the sphincter of Oddi are: 
(1) making possible the filling of the gall bladder, (2) preventing the 
regurgitation of intestinal contents into the bile duct, (3) regulating 
the discharge of bile into the duodenum, and (4) erecting the papilla. 

The discharge of bile into the duodenum is dependent upon the tonus 
of the sphincter, the activity of the gall bladder, and the pressure of 
bile secretion. In order to secure information concerning the effect of 
various types of stimulation upon the sphincter mcehanism, the re- 
sistance to the flow of fluid may be studied in patients ivith intubation 
of the common bile duct. 

Since there is no method allowing measiii-ement of the sphincter re- 
. entirely normal human subjects, we have considered the 

^ nlitniued in individuals who had recovered from their opera- 
figures feeling well, and who had fasted for periods of six 

tions, 1 “normal.” In such cases the sphincter withstands 

or eight hours, as 
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pressures between 9 and 23 cm. of Avater. and visually tbe sphincter 
resistance is around 12 to 15 cm. of water 

Clianges of a few millimeters in the intraductal pressure occur during 
respiration, and marked changes occur during coughing, laughing, or 
vomiting as a result of a temporary increase in intra-abdominal pres- 
sure. Even when the sphincter resistance appears to be stabilized, 
changes of several centimeters’ resistance may occur spontaneously from 
time to time. 

In some patients the sphincter remains irritable for weeks after re- 
moval of a calculus from the common idle duet. In such instances 
the muscle readily goes into spasm. After prolonged external drain- 
age of the bile duet, the irritability usually disappears and the sphincter 
returns to “normal.” 

The ingestion of a fatty meal consisting of egg yolks and cream causes 
relaxation of the sphincter; proteins occasionally produce relaxation, 
but neither a carbohydrate meal nor glucose given intravenously has 
any significant effect. "Water taken by moutli also fails to produce a 
change in sphincter resistance. 

Moiphine, codeine, pantopon, and dilaudid cause contraction of the 
sphincter of Oddi. 

Amyl nitrite and nitroglycerin produce relaxation of the sphincter, 
but atropine does not. Eiythrol tctv'anitrate is ineffective. Trasentin, 
epinephrine, ephcdrinc, histamine, and ethyl alcohol sometimes produce 
sphincter relaxation, but the effects are variable. 

^Magnesium sulfate may produce sphincter relaxation with or without 
an initial contraction; it may produce an initial contraction followed 
by a return to the original tonus level, or there may be no effect. Rela.x- 
ation, when it docs occur, usually is not great, and contraction of the 
gall bladder following administration of magnesium sulfate probably 
is more important than sphincter relaxation in producing a flow of bile 
into the duodenum in patients with a functioning gall bladder. 

Atropine, pilocarpine, papaverine, posterior pituitary extract, ben- 
zedrine. prostigmine. caffeine sodium benzoate, and theophylHn ethyl- 
enediamine have no significant effect upon the sphincter. The effects 
of sodium dchydrocholate, hi.staminc. epinephrine, ephedrinc, calcium 
gluconate and calcium chloride are not constant. 

Severance of the nerves in the hepatoduodenal ligament is not rccom- 
meiuhni as a means of lowering sphincter I'osistanee. 
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Macleod’s Physiology m Modern Medicine. Edited by Philip Bard. Ed. 9. 

Pp. 1256, with 387 illustrations. St. Louis, 1941, The C. V. Mosbi Co. $10. 

The first edition of MacJeod ’s Physiology appeared in 1918 and Mas immediately 
lecogmzed as an important contribution in this field of endeasor. The fact that it 
IS noM going into its ninth edition is sufficient esidence of its establishment as a 
distinguished and authoi itutire text 

The arrangement of the present edition is similar to that of the eighth edition 
nhich “nas largelj renntten by a gioup of authors each of whom contributed a 
section dcioted to one of the major fields of phjsiologj ” Besides the authois Mho 
contributed to the pieMOus edition there ha\e been added in the present edition, 
Honard J. Cuitis Mho has icnritten the chapters on electrical excitation and con 
duction of the nene impulses and Walter S. Boot mIio has contributed a chapter 
on tile urinari bladder. The e\len<st\e scope of the booh is indicated bi the bibli 
ograph) mIiicIi coiers si\tj six pages These references aie placed at the end of the 
'olume and are eonienientlj arranged according to the major section and portion 
of the text coiered This textbook, Mhich has been biought up to date, not onh 
fulfills Its original purpose of sen mg “as a guide to the clinical application of 
plijsiologj and biochemistry,” but continues to be an invaluable, readj, and re 
liable reference to clinicians interested in experimental iniestigations 


The Intervertebral Disc: With Special Reference to Rupture of the Annulus 
Tibrosus With Herniation of the Nucleus Pulposus. Bi’ F. Keith Bradford 
and R Glen Spurling. Ed 1 Pp 158, nith 45 illiistiations Spiingfield, 111, 
Charles C Thomas, Publisher $4 


The Intenerlehral Disc, a valuable 150 page nionogiapli, is dedicated to Dr. W. 
■Tason Mixter, Dr Joseph S Barr, and Dr, .\ubrej O Hampton, the neurosurgeon, 
orthopedist, and radiologist uhose contributions to the knoM ledge of intervertebral 
disc lesions have done so much in placing the suigical treatment of this common 
and incapacitating condition on a practical basis The book gives an excellent 
description of the development and anatomv of these structures, as nell as of the 
plivsiologie and p.ithologn, conditions vvliicii niav lead to rupture of the annulus 
tibrosus and herniation of the nucleus pulposus 

The authors ’ concept of the innervation of the discs and the posterior longitudinal 
ligament is of spe,.,,il interest, because it accounts for the diftuse lumbar backache 
vvhuli IS often present in addition to the slmrp sciatic pam. So aBo is their evidence 
I Hit a differential diagnosis can be made betneen a protrusion of the disc at the 
fourth and one at the fifth lumbar interspace bj careful neurologic examination 
In tv p.oal cases this is of great value and sometimes obviates the need for contrast 
nivelogrnphv. Besides containing a cle.irh dr.iun picture of the cbnic.al and 
radiologic findings ,n the lommoii svndrome of herniation of the two lowest lumbar 

T in the cervical and other regions are not 

1 glected. It IS unfortunate that the manuscript should liavo been sent to il 

'»><• 
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fpchiiiquo for removing intraspinnlly injected lipiodol, because this maneuver has so 
etroetivcly overcome tlie current objections to tlie use of accurate contrast loenliza- 
tiorr of these lesions. The srrrgical description of removing the protrrrded disc 
through a limited hemilarninectonrj- incision is given in a most lucid fashion and tiro 
results analyzed in a series of IGG ca.ses. Whether to include a spinal fusion or not 
retrtaitrs the most debated point in the treatment of these lesions. The authors, who 
belong to the nonfusion school, have perhaps dismissed this question with too little 
consideration. 

In addition to presenting the authors’ experience in a large series of inter- 
vertebral disc lesions, the volume contains a valuable review' of the formidable 
literature which ha.s accumulated on thi.s much discussed topic. The book should ap- 
peal particularly to rreurosurgeons atrd orthoiredists, and should be of special help 
to newcomers in these fields. 
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PROCEDURE AND PREPARATION 

"With the cooperation of Dr. W. L. Boyd, of the department of 
veterinary medicine, four cows free of tuberculosis and brucellosis were 
placed at our disposal. Four to 5 liters of blood were obtained from 
each cow every two weeks. Blood was drawn from the jugular vein 
using a sterile paracentesis trocar and collected into sterile, i liter 
Erlenmeyer flasks. Latterly, through the generosity of Mr. R. A. Keyer, 
of the Armour Packing Company of South Saint Paul, ilinn., a larger 
stock was placed at our disposal. At the packing house, blood is draum 
aseptically from the jugular vein with the same apparatus immediately 
after the animals are stunned b 3 ’- a blow on the head and suspended 
from the ceiling b}' the hindlegs. If serum is to be obtained, the blood 
is allowed to clot 'in the collecting flask, and after twentj'-four and 
fortj'-eight hours the serum is decanted off from a special outlet at 
the bottom of the flask into 250 c.c. centrifuge tubes and centrifuged 
for one-half hour at 2,500 r.p.m. If plasma is to be obtained, suffieient 
sodium citrate solution is added to make a final concentration of 0.3 
per cent, the red blood cells being removed b.v centrifugation. Sulfa- 
nilamide in final concentration of 20 mg. per cent was used as a preserv- 
ative. 

Although the entire process was done aseptically, sera were passed 
through a Seitz filter using E.K. pads, size 14, then bottled and sealed 
without exposure to the atmosphere. Cultures on veal infusion and 
brain broth were sterile five to seven days before the material was used. 
Difficulty was encountered in filtering plasma through the Seitz filter, 
while serum passed through readil.v. In addition, plasma, after stand- 
ing, precipitates fibrin which must be filtered oft’ before using the mate- 
rial. Frozen plasma was prepared bj- placing the bottles in the freez- 
ing coils of a refrigerator for twent.v-four hours and then storing them 
in the fi-ozen state until used. If left out at room temperature, it melts 
in about one hour. A flakj' pi’ceipitate of fibrin remains, which was 
removed before using bj" filtration through several lajmrs of sterile 
gauze. 

MODIFICATION OF WHOLE BOWNE PLASMA 

In order to eliminate the fibrinogen fraction, serum rather than plasma 
was used. Subsequently, it was found that whole bovine plasma and 
serum contain hemolysins and hemagglutinins to human red blood cells 
of the various blood groups. Partial removal of the.se by adsorption on 
human red blood cells is possible and apparently reduced the incidence 
of reactions. 

In adsorbing the bovine serum, fresh human cells doublj- washed with 
normal saline solution are mixed gently with the bovine serum in a 
ratio of 1 ft) In- volume, and removed in thirty minutes by centrifuga- 
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Animals liave been used principally for immune sera of many sorts, 
emploj'ing the horse as the priiicipal donor. AVJij^ the bovine familj' 
has never been used widely is not clear, but apparently the principal 
reason is its natural immunity to most infectious diseases. In addition, 
for technical reasons, the horse is easier to bleed, it can be trained to 
cooperate, and it is easier to care for and to keep clean. However, these 
are not A’alid contraindications for neglecting such a cheap and ready 
source of blood proteins, which, to date, has neA'er been given a thorough 
experimental or clinical exploration. 

Most immunologists hav'e regarded bovine serum as antigenic and 
unsafe for intravenous injection into man. When plans for this study 
were being scrutinized a number of j'ears ago, the chief deterrent to 
luidertaking the investigation Avas the prevalent impression among im- 
munologists that bovine serum Avas even more antigenic and less com- 
patible to man than Avas horse serum. The paucity of factual data on 
the matter Avas striking. As related above, it Avas our inference tliat 
the hoz’se rather tlian the boA'inc AA'as selected for tlie preparation of im- 
mune sera because of the Jiatural immunity of the boAune to the com- 
mon pj’Ogenic organisms. We Avere unable to find factual data support- 
ing the alleged toxicity of bovine plasma. We did find that Shortell, 
Cotting, and Leary’ (1916) reported the use of boAune plasma prin- 
cipally in treatment of Avoimds. Penna and associates’ reported the 
successful intravenous and intramuscular use of normal bovine serum 
in treatment of anthrax. 


In previous publications'* ® Ave haA*e reported some of our results AA’itli 
boA'ine plasma; namelj*, that it can be given in fairly large amounts to 
some people and that it is apparentlj* retaijied by the body. On tlie 
basis of skin tests Avith tlie Amrious fractions of Avliole bovine plasma, it 
appeared that the albumin fraction Avas the least reactive. Recently 
Colm and his associates’* ’’ have succeeded in fractionating AA'hole boAune 


plasma into its various constituents by fractional precipitation at -5° C. 
Avith ethyl alcohol. Purified albumin so obtained is noAv under clinical 
trial and preliminary studies seem most encouraging. In a letter to the 
Journal of the American Medical Association, Keys, Ta.Ador, and SaA*- 
a^e” haA*e outlined their e.xperience Avilh fractionation of animal plasma 
proteins and feel also that a satisfactory human blood substitute may 
be fashioned from animal blood. IIoAvcvcr. since the problem of frac- 
tionation of plasma proteins is chiefly a chemical one retiuiring the 
baclmround, equipment, and facilities of a Avcll-establishcd physical 
ehemistiT laboratory rather than a surgical laboratory, wc have con- 
d oiii* efforts to studies of;- (1) an cA-ahiation of the usefulness of 
diole bovine plasma and scrum in man, (2) a study of the items con- 
' -h fno- to reactions Avith the use of Avhole bovine pla.sma or serum, and 
the'effect on nitrogen balance, of bovine and human pla.sma pro- 
,c1„s aan,i.mteml i„traven»..sl.v to man. 
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intravenously; next day 5 c.c. diluted to 10 c.e. was given, and some- 
what later, 50 c.c. diluted to 100 e.c. was given. If no reactions occurred, 
amounts of 250 c.c. diluted with an equal amount of saline or 5 per cent 
dextrose solution "were given. The rate of administration was slou . The 
preliminary injections of 1 and 10 c.c. were given in about live minutes. 
The larger injections were given by gravity drip at a rate of 4 to 5 
c.c. per minute. If any untoward manifestations appeared, the injec- 
tion was discontinued immediately. 

RESULTS OP INJECTION 

In Tables II to IX are tabulated the results of injection of whole 
bovine plasma, serum, and adsorbed serum to 120 patients. The reac- 
tions of all are summarized in Table X. Patients who did not exhibit 
untoward immediate symptoms received total amounts of from 300 to 
2,500 c.c. in divided doses. Under immediate reactions ai’e included all 
untoward manifestations the day of injection. About 50 per cent of 
reactions are febrile in character, usually initiated by a chill one-half 
to one hour after the start of the injection. Other reactions, such as 
immediate urticaria, edema of eyelids, flushing of skin, backache, gastro- 
intestinal upsets with diarrhea and/or vomiting, dizziness, and severe 
anaphylactic reactions make up the remainder. 

In the whole plasma (Table II) and serum (Table IV) groups, the 
incidence of immediate reactions was about the same; namely, 58.3 
and 66.6 per cent. Freezing of plasma during storage, as recommended 
by Strumia and ]MeGraw,w does not appear to alter the reactive proper- 
ties of bovine plasma (Table III) for the incidence of reactions was the 
same as in the other groups. By emiiloying the technique of adsorbing 
bovine serum on human red blood cells, the incidence of reactions Avas 
materially reduced ; namely, to 24.5 per cent in 53 patients. In general, 
the incidence of reactions was fairly constant regardless of the group 
of red blood cells used for adsorjition. Also, there does not appear to 
be any coi-relation between the blood gi’oup of reciiiient and the red 
blood cell group used for adsorption. From these data, it appears likely 
that, whatever is adsorbed by the red blood cells is either species specific 
or nonspecific rather than blood group specific. In order to explore 
this possibility, kaolin was used as the adsorbing medium. In Table I 
it will be noted that this does not remove any of the hemolysins or 
hemagglutinins. Five reactions in 13 patients were observed, an inci- 
dence of 38.5 per cent, indicating a result midway between serum ad- 
sorbed on various groups of red blood colls and whole untreated serum. 

In Tables II to IX. the heading “Total Amount Given” represents 
the summation of all the material injected, while the heading “Amount 
Causing Keaction” is the single dose at the time at which reaction 
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tion. If this time is exceeded, hemolysis occurs usually. Apparently, 
union of reacting antilsodies occurs before hemolysis becomes evident, 
and if the red blood cells are removed by centrifugation at this time, 
clear unhemolyzed serum can be obtained, with most of the hemolysins 
and about 50 i^er cent of the hemagglutinins removed, as indicated in 
Table I. For these studies serial dilution of serum with normal saline 

Table I 


Title op Hemolysins and Hemagglutinins in Bovine Serum and Plasma to 
Human Eed Blood Cells Before and After Adsorption With Human 
Eed Blood Cells and Kaolin 


BOVINE PLASMA 

OR SERUM 

BEFORE ADSORPTION WITH 
HUMAN RED BLOOD CELLS 
TITER OP TITER OF 

HEMOLYSIN AGGLUTININ 

AFTER ADSORPTION WITH 
HUMAN RED BLOOD CELLS 
TITER OF TITER OF 

HEMOLYSIN AGGLUTININ 

Serum 15 

1:10 

1:20 

1:2 

1:10 

Plasma 15 

1:2 

1:20 

0 

1:10 

Serum 16 

1:10 

1:25 

1:5 

1:20 

Plasma 16 

0 

1:25 

0 

1:25 

Serum 17 

1:10 

1:25 

1:314 

1:25 

Plasma 6 

1:5 

1:25 1 

0 

1:10 

Serum 7 


1:10 1 

1:2 

1:5 


BEFORE ADSORPTION WITH 

AFTER ADSORPTION WITH 


KAOLIN 

KAOLIN 

Serum 86 

1:214 

1:314 



Serum 95 

l:31i 

1:5 



Serum 96 

1:314 

1:10 



Serum 97 

1:5 

1:20 



Serum 98 

1:5 

1:20 


BiBI 


solution and 1 per cent suspension of human red blood cells were used 
and read macroscopically after one hour of incubation at 37° C. In or- 
der to explore the possibility of this adsorption’s being specific for the 
erythrocytes, kaolin was used as the adsorbing medium. As noted in 
Table I, it failed to decrease the titer of either hemolysins or hemagglu- 
tinins. Although the entire adsorption procedure was done aseptieall.r, 
all adsoi’bed serum was passed through the Seitz filter and cultured as 
described above before using. 


SELECTION OF PATIENTS AND TECHNIQUE OF INJECTION 

Patients selected for trial on bovine plasma and serum have been 
restricted largely to those ivith carcinoma, usually inoperable. A pre- 
liminary skin test was done on all patients using 0.1 c.c. of 1 :10 dilu- 
tion of serum with normal saline solution. In the main, the only pa- 
tients to whom we attempted to administer bovine plasma or serum 
were those in whom only slight or negative skin reactions were mani- 
f t Our preliminary experience indicated tliat siib.iccts witli marked 
T 'e skin wheals'- ® do not take bovine scrum well. Following tlie 
't t 01 cc of bovine scrum diluted to 1 c.c. with normal saline 
1 tion ’is aiven intravenously. Several hours later, if no reaction oc- 
souui jjL.tpd to 10 c.c. with normal saline .solution was given 

curred, 1 c.c. anuieu 




None 
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Table II 

Reactions Attending Intravenous Administration op Whole Bovine Plasma 
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Table IV 

Keactions Attenwno Intravenous AMtiNiSTitATroN op Whole Bovine Sekuji 



Hrrs. S. J[. 7'1 Osteoma A 1+ 300 None 

(U. ir. 009073) 

Mr. W. 0. Oi Caroiiioma of BO 50 Vomiting, vertigo, 

(U.lt. fl997'i5) rcetnm namsca 
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Table VII 

Reactions Attending Intravenops Administration of Group B Adsorbed Bovine Serum 
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occurred. It will be noted that the severe, anaphylactic reactions oc- 
curred with the smallest doses of material. If a patient tolerates the 
small initial doses, there is probably no great natural sensitivity. Reac- 
tions occurring Avith the larger doses of bovine plasma were chills, 
fever, immediate urticaria, flushing of skin, backache, gastrointestinal 
upsets, and edema of eyelids. In the entire series, tlu'ee seveie anaphj- 
laetie reactions occurred (Mr. .J. B., Case 24, Table II; Mr. E. E., Case 
12, Table V; Mrs. E. C., Case 1, Table V). All exhibited severe collapse 
Avith 2 C.C., 0.1 C.C., and 0.1 c.c. respectively. Their sldn tests gave no 
indication of this sensitivity', although Sir. J. B, did give a histoiy of 
asthma in the past. In all there were marked circulatory collapse, ex- 
treme dyspnea, and unconsciousness coming on almost immediately after 
the injection. All responded to prompt intravenous injection of 0.5 
to 1 c.c. of epinephrine, and after fifteen to thirty miimtes were back 
to a fairly normal status. There did not appear to be any sequelae to 
these reactions. Aside from these tlmee severe reactions, the remainder 
have been mild to moderate in nature and have not caused us any un- 
due concern. Occasionally amyl nitrite, if given early, was effective in 
alleA’iating chills. Histaminase tablets, given by mouth (tAA'o tablets 
t.i.d.) before injections AA'ere started, and continued for seven days after 
injections, did not appear to influence the incidence of either immediate 
or delayed reactions. 

Table X 


StjiiMARY or Beactions tViTH BoviXE Sercm axd Plasma 


1 

IMIIEDIATE KEACTIOXS j 

DELAYED RE.VCTIOXS* 

NO. OF 
PATIENTS 

KO. 

% 

KO. OF 
PATIENTS 

NO. OF 
REACTIONS 

% 

AVhole bovine plasma 

24 

14 

5S.3 

19 

9 

47.3 

Frozen bovine plasma 

15 

9 

60.0 

10 

4 

40.0 

Whole bovine serum 

15 

10 

06.6 

6 

4 

66.6 

Human K.B.C. adsorbed 




i 



seruiu 

1 



j 



Group AB 

14 

4 

2S.5 

10 1 

0 

60.0 

Group A 

16 

5 

31.3 

12 

7 

5S.3 

Group B 

11 

2 

1S.2 

7 

3 

42.9 

Group 0 

12 

O 

16.6 

9 

5 

55.5 

Total 

53 

13 

24.5 

3S 

21 

55.3 

Kaolin adsorbed scrum 

13 

o 

3S.5 

S 

4 

aO.O 


*XQt all palien^ •n'ere available to determine that delayed reactions occurred. 
'These figures include only tliose patients on whom we have definite information. 


Delayed reactions charaetei’ized by generalized urticaria, edema, and 
gastroenteritis have occurred in about 60 per cent of patients followed. 
In general, the incidence rvas the same in all groups. They usually ap- 
jicarcd tliree to ten days after the final injection and lasted forty-eight to 
seventy-two hours. Although they were quite distressing to the patients, 
.'ll! recovered within three days. Adrenalin in peanut oil proved to be 
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occurred. It M'ill be noted that the severe, anaphylactic reactions oc- 
curred with tlie smallest doses of material. If a patient tolerates the 
small initial doses, there is probably no great natural sensitivity. Keac- 
tions occurring with the larger doses of bovine plasma were chills, 
fever, immediate urticaria, flushing of skin, backache, gasti’ointestinal 
upsets, and edema of eyelids. In the entire series, three severe anaphy- 
lactic reactions occurred (Mr. J. B., Case 24, Table II; Mr. E. R., Case 
12, Table V; iirs. B. C., Case 1, Table V) . All exhibited severe collapse 
with 2 e.c., 0.1 c.c., and 0.1 e.e. respectively. Their skin tests gave no 
indication of this sensitivitj’, although Mr. J. B. did give a history of 
asthma in the past. In all there were marked circulatory collapse, ex- 
treme dyspnea, and unconsciousness coming on almost immediately after 
the injection. All responded to prompt intravenous injection of 0.5 
to 1 c.c. of epinephrine, and after fifteen to tliirty minutes were back 
to a fairlj' normal status. There did not appear to be any sequelae to 
these reactions. Aside from these tlnee severe reactions, the remainder 
have been mild to moderate in nature and have not caused us any un- 
due concern. Occasionally amyl nitrite, if given early, was effective in 
alleviating chills. Histaminase tablets, given by mouth (two tablets 
t.i.d.) before injections were started, and continued for seven days after 
injections, did not appear to influence the incidence of either immediate 
or delayed reactions. 

Table X 

SuMM.wY OF Reactions With Bovine SEnoii and Plasma 



IMMEDIATE REACTIONS j 

DEL.W'ED reactions* 

NO. OP 
patiexts 

KO. 

% 

KO. OP 
PATIENTS 

NO. OF 
REACTIONS 

% 

Whole bovine plasma 

34 

14 

5S.3 

19 

9 

47.3 

Frozen bovine plasma 

15 

9 

60.0 

10 

' 4 

' 40.0 

tVhole bovine serum 

15 


66.0 

6 

4 

66.6 

Human B.B.C. adsorbed 


! 





serum. 





J 


Group AB 

14 

4 

28,5 

10 

0 

60.0 

Group A 

IG 

5 

31.3 

12 

7 

58.3 

Group B 

11 

O 

18.2 

7 ^ 

3 

42.9 

Group 0 

12 

2 

16.6 

9 

5 

55.5 

Total 

53 

13 

24.5 

38 

21 

00.3 

Kaolin adsorbed serum 

13 

5 

38.5 

8 

4 

50.0 


•Not all patients were available to determine that delayed reactions occurred 
These figures Include only those patients on whom we have definite information. 


Delayed reactions characterized by generalized urticaria, edema and 
gastroenteritis have occurred in about 60 per cent of patients followed 
In general, tlie incidence was the same in all groups. They usually ap- 
peared three to ten days after the final injection and lasted forty-eiglii to 
seventy-two hours. Altliough they were quite distressing to the' patients 
all recovered within three days. Adrenalin in peanut oil proved to be 
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tile most efficacious agent in relieving tliese symptoms. No instances of 
delayed food sensitivitj' to beef or milk have been observed. 

On two occasions bovine plasma was used in treatment of shock. 
One patient with a bleeding ulcer, ivliose blood pressure was 80/40, was 
given 300 c.c. bovine plasma inti'avenouslj’’ over an hour’s time. The 
blood pressure rose to 130/90 ivhere it was maintained for the next two 
and one-half hours while an additional 400 c.c. ivas given. The other 
patient, given 500 c.c. bovine seinim, exhibited a blood pressure rise 
from 90/70 to 110/80. 

To tivo patient, 2,500 c.c. and 2,400 c.c. of bovine serum were given 
in divided doses over a six-day period. In one on a metabolism study 
(Table XII), there ivas no untoward effect at the time of injections; 
the other (Mr. C. S., Case 12, Table VI) developed signs of pulmonary 
congestion after the last injection, ivhich maj^ have been on the basis 
of pulmonary edema from inei-eased blood volume. However, the pos- 
sibilitj’- of capillary damage and increased permeability must be borne 
in mind. 

Six patients were given reinjections of wdiole bovine plasma or serum 
after variable intervals (Table XI). In this group there were three 
anaplij'lactic types of response with small doses of bovine serum relieved 
Iry prompt administration of adrenalin indicating a 50 per cent inei- 
dence of anaphjdactic sensitization. Similarlj", in guinea pigs, whole 
bovine plasma was found to produce the anaphylactic state consistently. 


XITROGEiV METABOLISM STUDIES 

Metabolic studies were made on 3 patients using whole human plasma 
and on 3 patients using whole bovine plasma or serum. All patients 
were essentiallj" afebrile. During the period of study, the patients 
were on a protein-free diet. Tea, orange juice, neelar, and w-ater w'ere 
allowmd by mouth. Enough dexti’ose solution was given parenterally 
to maintain a fairly satisfactory caloric intake and to avoid ketosis. 
Total urinary output was collected, preserved with toluene, and daily 
determinations of total urinary nitrogen’^' checked bj' macro- and 
micro-Kjeldahl methods, nonjn-otcin nitrogen and urea nitrogen*” w'ere 
made. At intervals of every tivo days, blood plasma jirotein,”* urea 
nitro'^en”'* and nonprotein nitrogen*” levels were determined. The 
usual°proccdure was to keep the patient on a preliminary protein starva- 
tion regime for four or five days to allow urinary nitroffcn (o reach a 
basal level, then to give whole human or bovine j)la.sma ini ravenously 
for a five-day period followed by another period of i)rotcin starvation. 

m 11 XII illustrates the efi'eet of intravenous adminisf ration of bo- 
•• ^ Vm on nitrogen metabolism. In the basal jieriod, Jan. 3, 3941, 
vine sei patient did not reaeli as low a urinary nitro- 

^'Tlxcretion as most of our studies have shown. Usually after ade- 
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the most efficacious agent in relieving these symptoms. No instances of 
delayed food sensitivitj’’ to beef or milk have been observed. 

On two occasions bovine plasma was used in treatment of shock. 
One patient Avith a bleeding ulcer, AA'hose blood pressure Avas 80/40, Avas 
given 300 c.c. bovine i^lasma intravenously over an hour’s time. The 
blood pressure rose to 130/90 Avhere it Avas maintained for the next tAVO 
and one-half hours Avhile an additional 400 c.c. was given. The other 
patient, given 500 c.c. bovine serum, exhibited a blood pressure rise 
from 90/70 to 110/80. 

To tAVO iDatient, 2,500 c.c. and 2,400 c.c. of bovine serum Avere given 
in diA'ided doses over a six-day period. In one on a metabolism study 
(Table XII), there AA'as no untOAA'ard effect at the time of injections; 
the other (Mr. C. S., Case 12, Table VI) developed signs of pulmonary 
congestion after the last injection, Avhich may have been on the basis 
of pulmonary edema from increased blood volume. HoAvever, the pos- 
sibility of capillarjr damage and increased permeability must be borne 
in mind. 

Six patients Avere given reinjections of AV'hole bovine plasma or serum 
after variable intervals (Table XI). In this group there Avere three 
anaphylactic types of response with small doses of boA'ine serum relieved 
by prompt administration of adi’enalin indicating a 50 per cent inci- 
dence of anaphylactic sensitization. Similarly, in guinea pigs, Avhole 
bovine plasma Avas found to produce the anaphylactic state consistently. 


NITROGEN METABOLISM STUDIES 

Metabolic studies Avere made on 3 patients using Avhole human plasma 
and on 3 patients using Avhole bovine plasma or serum. All patients 
Avere essentially afebrile. During the period of study, the patients 
Avere on a protein-free diet. Tea, orange juice, nectar, and Avater Avere 
alloAved by mouth. Enough dextrose solution Avas given parenterally 
to maintain a fairly satisfactory caloric intake and to avoid ketosis. 
Total urinary output Avas collected, preserved AA'ilh toluene, and daily 
determinations of total urinary nitrogen’’*- “ cheeked by macro- and 
micro-Kjeldahl methods, nonprotcin nitrogen and urea nitrogen'” Avcre 
made. At intervals of every tAVO days, blood plasma protein,” urea 
nitrogen,” and nonprotein nitrogen'" levels Avcre determined. The 
uguafprocedure Avas to keep the patient on a preliminary protein starva- 
tion remme for four or five days to allow urinary nitrogen to reach a 
al level then to give Avhole human or bovine i)]asma inf ravenously 
for'^ five-day period followed by another period of protein starvation, 
m 11 -WIT tllnstratcs the elTeet of intravenous administration of bo- 

o.; S.ogc„ i„ e.. m,. 

1 T „ q 1941 this patient did not reaeli as 
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low a urinary nili-o 
Usnallv after ade 
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•Mr. .r. O. (U. H. (in5')2D), nKcil 51 yrar'i, eaicinonm oC colon. 
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tion of epijieplirine in amounts of 0.5 to 1 c.e. The other reactions of 
less severe magnitude occurred with larger doses and appeared at vari- 
able times after the start of the injection or even several hours after 
the completion of the injection. If a patient tolerates the small initial 
doses, there is probably no great natural sensitivitj', and the reactions 
to a larger dose are not of such severe nature. Although the incidence 
of reactions was reduced from 66.6 per cent uith whole serum to 24.5 
per cent by adsorption with human red blood cells, their incidence and 
magnitude were still sufficient to contraindicate anj* clinical use of 
whole bovine serum or plasma at the present time. Also, this modifica- 
tion does not insure against the anaphylactic type of reaction for one 
of the three cases was in the adsorbed gi’oup. 

The reaction that occurs with adsorption bj' human red blood cells 
apparently is not specific to tlie various groups of red blood cells or -to 
the blood group of the recipient, but the adsorption may remove a 
species specific substance in the bovine serum capable of producing 
luitoward sjunptoms in a foreign host. It is not likely that removal of 
hemolysins, as such, is an important factor in reactions, as they are 
not present in sufficiently high concentrations to be active, when diluted 
in the blood stream of the recipient, and reactions, when they did occur, 
were not attended by jaundice or hemoglobinuria. A more likely possi- 
bility, therefore, would be that adsorption removes some reaction-pro- 
ducing substance in addition to, or as a corollary of, removing hemoly- 
sins and hemagglutinins. This explanation may account satisfactorily 
for the obsciwation that kaolin, although its use reduced the incidence 
of I’cactions somewhat, was not as effective an adsorbing agent as red 
blood cells. 


One might surmise that with the added experience and improvement 
in technique of preparation of plasma and serum gained over a period 
of eighteen mouths, tlie latter products would reflect a lower incidence 
of reactions. Hence the results with adsorbed senim might be inter- 
])reted as more apparent than real. However, this was not the case, 
tor the resrdts with the use of whole bovine serum, also prepared in the 
latter months of this study after the technique of preparation was well 
standardized, do not show a similar improvement over our earlier ex- 
periences when plasma was used. 


Delayed reactions of the serum sickness type were a frequent occur- 
rence in our series, occurring in 43 of 81 patients followed. There did 
not api)ear to bo any yery significant difference in its ineidenee in any 
of the groups studied. Very few joint manife.stations were noted, the 
in-incipal complaints being urticaria with occasional gastrointestinal 
upsets and low-grade fever. The on.set varied from two to ten davs 
after tlie final injection, and symjitoms subsided usuallv after fort'v 
eight to seventy-two hours. It i.s of interest that no instance of serum 
sickness ocetirred until serum or plasma injections were diseontiinicd. 
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quate starvation, the urinary nitrogen reaches levels of 3 to 4 Gm. daily. 
Following this initial starvation iieriod, BOO e.c. of adsorbed bovine 
sei’um was given intravenously’' daily^ Total nitrogen analy’sis of this 
sei'uin showed 1.23 Gm. per 100 e.c. (7. 68 6m. i^rotein per 100 e.e.). 
Although positive nitrogen balance is not attained, it is noted that the 
average daily' urinary’ nitrogen excretion decreased during this period 
over the basal period (6.91 Gm. nitrogen to 7.88 Gm. nitrogen) while 
30.75 Gm. of nitrogen in the form of plasma pi’otcin was given intra- 
venously. No yu’otein appeared in the urine. In the subsequent period 
of nonprotein intake, there rvas no delay'ed spillage of nitrogen as in- 
dicated by’ an average daily’ excretion of 6.45 Gm. nitrogen. There was 
a slight increase of the plasma protein level from 5.62 at the end of the 
initial starvation period to 6.19 Gm. per 100 e.e. at tlie end of the injec- 
tion period. Also, there did not appear to be any shift of the urea 
nitrogen-nonprotein nitrogen ratio which might indicate an abnormal 
catabolism of protein. It would appear, therefore, that this protein, 
given intravenously’ to man, is certainly’ retained by’ the body for nitro- 
gen metabolism or for replenishment of protein stores. 

In a similar study using w’hole human plasma (Table XIII), positive 
nitrogen balance -was obtained in three consecutive cases. During the 
starvation period. Sept. 9, 1940, tlu’ongh Sept. 12, 1940, there was an 
average daily urinary’ nitrogen e.xcretion of 6.26 Gm. In the five-day 
period. Sept. 13, 1940, through Sept. 19, 1940, when 2,500 e.c. of whole 
human plasma containing 28 Gm. nitrogen was given intravenously, 
only 21.88 Gm. of nitrogen appeared in the urine, or an average daily 
urinary’ nitrogen excretion of 4.37 Gm. In the subsequent starvation 
period, the average daily’ nitrogen excretion was 3.39 Gm. nitrogen, 
indicating that the plasma protein iipjecfed intravenou.sly' is retained by 
the body’. Since there was no significant rise in the plasma protein 
level of the patient, while an aTiiount of plasma ])rotcin about equal to 
his total circulating plasma protein was given, this must have been 
taken orrt of the circulation and used for nitrogen metabolism or for 
replenishing the protein stores. Pommerenke and co-workers’' have re- 
ported maintenance of dogs in po.sitivc nitrogen lialance i)y intravonons 
admini.stration of dog pla.sma but failed to note ntilizafion of a heterol- 
ogous protein (horse serum) in dogs. 

DI.SCU.SSIO.V 


Bovine plasma and serum can he given to man and even t/ioiigh 'Is 
use has been attended with a liigh incidence of reactions, in only 3 out 
t too p-iticnts were the reactions of such magnitude ns to jeopiirdr/.c 
H Fife of the recipient. In our hands llicrc have been no fatalilie.s. 
tLc three severe anaphylactic reactions oeenrrod with .small -loses 
m e and 2 e.c. of Imjviiic scrum or plasma and appeared 
0.1 e.c.. • c. .. • to prompt ijitraveiioiis admini.slrn- 

alniost immediately. 
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Appaventlj’’ repeated dailj' injections of bovine serum for six or seven 
days prevented the onset of serum siclmess until cessation of injections 
after whicli it apjjeared in several da 3 ^s. 

It would appear that the use of bovine plasma proteins in clinical 
states of shock or depleted protein stores maj^ have real value, in those 
patiepts ■\vho can tolerate it, to ijrovide a source of parenteral nitrog- 
enous alimentation as well as to combat tlie contracted blood volume of 
shock. Further trial with preparations of bovine albiunin maj^ eliminate 
reactions sufficientl.y to establish the albumin fraction of bovine plasma 
as a safe and practical blood substitute for the treatment of contracted 
blood volume and protein states in man. As yet, howevei', the injec- 
tion of bovine plasma or one of its fractions must be looked upon as an 
experimental project. 

' SUMMARY 

1. Our experiences with the use of whole bovine serum and plasma 
in 120 jjatients are reported. The incidence of reactions was suffi- 
cient to contraindicate anj^ clinical use of whole bovine serum or plasma 
at the present time. 

2. Bovine plasma and serum are shown to contain hemolj'sins and 
hemagglutinins to human red blood cells. Jlost of the liemolysins and 
about 50 per cent of the hemagglutinins can be removed bj' adsorption 
on human red blood cells. so doing, the incidence of reactions was 
reduced from 66.6 to 24.5 per cent. 

3. Positive nitrogen balance can be attained bj"- intravenous adminis- 
tration of human plasma and can be appi’oached closelj’’ with intra- 
venous administration of whole bovine plasma. Both are apparently 
retained and utilized by the bodj\ 

4. The preparation of a satisfactory product of bovine albumin, from 
which the globulin fraction has been eliminated completely, may prove 
a safe and practical blood substitute. 
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consisted in striking one of tlie posterior extremities a number of blows 
with a blunt instrument. After the trauma had been produced the in- 
jured extremity was surrounded by ice packs in approximately one-half 
of the experiments and by bags containing hot water in the others. The 
blood pi’essure was determined by arterial eannulation and the use of a 
mercurj’’ manometer. The hematocrit determinations were made by the 
use of Van Allen tubes. The locations in which temperature readings 
were made in most of the experiments included the rectum, the peritoneal 
cavity (through a small stab incision), and the subcutaneous tissues of 
the axilla and of the injured extremity. In most instances the animals 
were observed until death occurred, and the loss of blood and fluid 
into the injured part and the adjacent tissues was determined by the 
bisection method which has been described previously.^ The experi- 
ments are divided into groups according to the anesthetic agent that 
was used. 

Nemhvtal Anesthesia . — 

1. Application of Heat: Fourteen expei’iments of this type were 
perfoiTOed. The average dui-ation of life was five hours and fifty-two 
minutes, and the average difference in the weights of the traumatized 
and nontraumatized parts was 3.80 per cent of the body weight. The 
average elevations of temperature were as follows; rectal, +5.7° F.; peri- 
toneal cavity, -^^6.7° P. ; axillary, -f4.8° P. ; and injured leg, +7.6° F. 

2. Application of Cold : There Avere seventeen such experiments. One 
of the animals did not develop shock and was killed after twenty-two 
hours, the difference in the rveights of the two posterior parhs being 2.83 
per cent of the bod.y rveight. In the remaining sixteen experiments the 
average dui'ation of life was thirteen hours and thirty-two mirrirtes, and 
the average difference in the rveights of the trarrmatized and nontrair- 
mafized parts was 3.98 per cent of the body weight. The average depres- 
sions of the temperature were as follorvs: rectal, -15.8° P.: peritoneal 
cavity, -5.9° F. ; axillary, -7.0° P. ; and injured leg, -48.0° F. 

Barbital Anesthesia . — 

1. Application of Ileat : Six experiments of this type were peiTormed. 
The average duration of life was five houi-s and for+y-four minutes, and 
the nvci’agc difference in the weights of the injured and noninjui’ed parts 
was 4.05 per cent of the body weight. Tlie average elevations of tem- 
perature were as follows: rectal. -A.9° F.; peritoneal cavity, -^6.6° P.; 
axillary, 44.7° P. ; and injured leg, -^8.0° F. 

2. Application of Cold: There wei-e six experiments of this tyire. The 

average suiwival jicriod was eight hours and fifty-four minutes, and the 
average difterence in the weights of the injured and noninjured parts 
was 3,.)S per cent of the body weight. The average depressions of tem- 
pcratui(‘ were as follows: rectal, —12.2° I'.; ]>eritoncal cavitv —10° P • 
axillary, 10.0° F., and log, -45.8° P. . • 



A COJIPARISON OF TIIE EFFECTS OF THE LOCAL APPLICA- 
TIOX OF HEAT OF COLD IX Tlffi PREILENTIOX AND 
TREAl’JIEXT OF EXPERIilEXTAL TRAU:MATIC SHOCK 

Alp-red Blalock, Baltimore, JId. 

(From the Departments of Surgery of Johns Hophins University, Baltimore, Mil., 
n7ul of VanderVilt University, XashviUe, Tenn.) 

T^> A PREVIOUS paper* tlie effects on animals in shock of causing 
rather pronounced elevations or depressions of the body temperature 
by the general aiiplication of heat or cold were reported. It was noted 
that significant elevations of temperature decrease the chance of life 
and shorten the period of suiwivaL The application of cold does not 
increase the chance of sunival but is accompanied rvith a lengthening 
of the sun'ival of an animal with a Ion- blood pressure. The studies 
shorved that significant elevations above normal of the temperature of 
animals in shock cause more disasti’ous effects than do depressions of 
similar degree. It was pointed out that in shock there is not an identical 
reduction in the flow of blood to all tissues, that the flow to the extremi- 
ties is more reduced than that to the more -vital structures, and that the 
causation of general peripheral vasodilatation by the application of 
heat may result in harmful effects. It was concluded that vigorous 
efforts to elevate the body temperature should not be undertaken in 
secondary shock unless at the same time one causes an increase in the 
blood volume by the introduction of whole blood or a .suitable sub- 
stitute for it. 

In the previous e.xperiments* the application of heat or cold was 
o-eneral. In the present studies, in which shock was in-odueed by gross 
trauma to an extremity, the application of heat or cold was limited to 
the injured pai-t and an eft'oi-t was made to compare the effects of the two 
agents. In this connection it is to be noted that Allen** found that con- 
sHiction of the circulation of the thigh is more likely to be followed by 
the development of shock if the temperature is high than if it is low. 

METHODS AXD RESULT.S 


Laro-e animals were used in all experiments. Pain was prevented by 
the use of suitable anesthetic agents: nembutal 2') to 30 mg. per kilo- 
of body weight in some experiment.s, barbital 0.3 tim. per kilogi'am 
"r^ldv weight in some, and morphine supplemented by the inhalation 
of " ■ V , j,e,.jocj of traumatization in othei-s. An additional 

' 'f,, w», .ndminfelB-cd it the de.-reo of the „„e». 

dose ot th e method which was used for producing shock 

thesia became light. 

"■^^ved for publication Jan. 2. 19 i- 
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consisted in striking one of the posterior extremities a niimlier of blows 
irith a blunt instrument. After the trauma bad been produced the in- 
jured extremity was surrounded by ice packs in approximately one-half 
of the experiments and by bags containing hot water in the others. The 
blood pressure u'as determined by arterial eannulation and the use of a 
mercury manometer. The hematociit determinations were made by the 
use of Van Allen tubes. The locations in which temperature readings 
were made in most of the experiments included the I’eetum, the peidtoneal 
cavity (through a small stab incision), and the subcutaneous tissues of 
the axilla and of the injured extremity. In most instances the animals 
were observed until death occuired, and the loss of blood and fluid 
into the injured part and the adjacent tissues was determined by the 
bisection method n-hich has been described previously.® The experi- 
ments are divided into groups according to the anesthetic agent that 
was msed. 

Nemhutal Anesthesia . — 

1. Application of Heat; Fourteen experiments of this tATie were 
performed. The average duration of life was five hours and fifty-two 
minutes, and the average difference in the weights of the traumatized 
and nontraumatized parts was 3.80 per cent of the body weight. The 
average elevations of temperature were as follows: rectal, +5.7° F.; peii- 
toneal cavity, +6.7° F. ; axillary, +4.8° P.; and injured leg, +7.6° P. 

2. Application of Cold ; There were seventeen such experiments. One 
of the animals did not develop shock and urns killed after twenty-two 
hours, the difference in the weights of the two posterior parts being 2.83 
per cent of the body Aveight. In the I’emaining sixteen expex’iments the 
average duration of life was thirteen houi-s and thirty-rivo minutes, and 
the average difference in the weights of the traumatized and nonti'au- 
matized parts xvas 3.98 per cent of the body weight. The average depres- 
sions of the temjierature were as folloivs: rectal, -15.8° F.; peritoneal 
cavity, -5.9° F.; axillary, -7.0° F.; and injured leg, -48.0° P. 

Barbital Anesthesia . — 

1. Application of Heat : Six experiments of this type ivere performed. 
The average duration of life was five hours and forty-four minutes, and 
the average difference in the weights of the injured and noninjui’ed parts 
was 4.05 )H>r cent of the body weight. The average elevations of tem- 
perature were as follows: i-eetal, -4.9° F. ; peritoneal cavity, -^6.6° F. ; 
axillary, 14 . 7 ° F.; and injured leg, -8.0° F. 

2 . Application of Cold : There were six experiments of this type. The 
average survival period was eight houi's and fifty-four minutes, and the 
average difference in the weights of the injured and noninjured parts 
Mas 3..)S per cent of the body weight. The average depressions of tem- 
))eiatuie weie as follows: rectal, —12.2° F.; peritoneal cavity, —10° P • 
axillary, 10.0° F., and leg, -45.8° P. 
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Jf orpJi hi C-Eth cr A n eath esin . — 

^ 1. Applicjifioii of IJoa< ; There were five exi)eninents of this type. 
1 ho ^^^cl'lige siii'vival period was five hours and fifty minutes, and the 
a^eragc difference in the weights of the two parts was 3.40 per cent of 
the body weight. Tiie average elevations of temperature were as follows; 
rectal, +5.3° F.; and peritoneal cavity, +6.5° P. 

2. Application of Cold : There were seven of these expei’imeuts. The 
average survival pei’iod ivas eight horn's and tliirty-nine minutes, and 
the average difference in the weights of the injured and noninjured 
parts was 3.73 pei' cent of the body weight. The average decline of the 
rectal temperature was -S.S° P., and that of the temperature of the peri- 
toneal cavity was -3.1° F. 

If the groups are combined, the ditferences in anesthetic agents being 
ignored, thez-e were twenty-five expei’iments in which heat was applied 
locally following trauma to an extremity and twenty-nine experiments 
izz u'hich cold was applied. The following results were obtained: 
Average suz'vival periods: (1) heat. 5 hours and 49 minutes; and (2) 
cold, 11 hours and 24 izzinutes. Avei-age differences in weights of trau- 
matized and nozitrauznatized parts izi pei’centages of body weight; (1) 
heat, 3.78; and (2) cold, 3.84. Average alteration in temperature in 
degi'ees Fahrenheit : i-ectal, (1) heat, +5.4, and (2) cold, -12.7; peri- 
toneal cavity, (1) heat, +6.6, and (2) cold, -6.1; axilla, (1) heat, +4.8, 
and (2) cold, -7.8; izijured leg, (1) heat, +7.7, and (2) cold, -47.4. 

It should be noted that the local applications of heat and of cold were 
made to the injured extremity and thus the tenzperature of the part 
would be expected to be altered gi-eatly, as rvas the ease. Furthermore, 
the containei-s rvhich held the hot water or the ice were in faii'ly close 
proximity to the rectal region and undoubtedly- there w-as sonze direct 
effect on the rectal temperature. The most significant readings are prob- 
ably those which w-ere reeoz-ded in the pei'itozieal cavity. It is of interest 
that the temperature of the abdominal cavity increased slightly in several 
of the experiznents in rvlucli ice was applied to an extremity. 

Alterations iir the hematocz-it readings were not gz-eat in any of the 
experiments. There was usually a slight izierease in the concentration 
of the red blood corpuscles in the studies in which heat was applied azzd 
a sliAzt dilution in the experiznents in rvhieh cold was applied. Those 
i-e.sults suggest that the heat caused an increase in capillary perznoability. 


coJzaiisxT 


Before these experiments wez-e undertaken it was hoped that the local 
of the injuz'cd jzart would lessen the escape of blood azzd fluid 


eoolinff ^ i •» * 

the traumatized area and the ndjncenl tissues. The results do not 

L^ate that such is the ea.se sizree the loss in these studies was almo.st 

• * I 'ith that noted in the cxjzcnmcnts in which heat was applied. 

T?rnossible that the escape of fluid into the zn.iizrcd li.ssuc.s would have 
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It is of interest that the average survival period of the animals in 
the group in which cold was applied was twice that of the group in 
which an elevation of bodj* temperature was caused by the local appli- 
cation of heat. The results are similar to those reported preAuously by 
Mason and myself^ on the effects of the general application of heat and 
cold. 

Emphasis is to be placed on the fact that these experiments offer no 
evidence whatever that shock should be treated by causing a depression 
of the body temperature. The experiments do show very clearly that the 
surrival time is shortened by the local application of heat which is of 
sufficient degree to cause a marked general elevation of the body tem- 
perature. It is likely that a marked rise in the temperature of the tissues 
is accompanied by vasodilatation and an increase in capillary permea- 
bility. It would appear that one is warranted in concluding that extreme 
degrees of heat should not be used even locally in the treatment of shock, 
particularly if means are not immediately available for inci’easing the 
blood volume by the introduction of blood or a suitable substitute. 

It is probably unnecessary to mention the fact that the experimental 
conditions reported here may be somewhat different from the conditions 
that are present in sliock in man. The response to alterations in tem- 
perature may be somewhat different in animals and in man. Dogs dis- 
sipate heat, in the main, by panting. In these studies anesthesia 
was necessary, whereas this complicating factor may not be a 
part of the picture in traumatic shock in patients. Furthermore, 
the temperature of the animals was normal at the beginning of the 
experiments, rvliereas exposure to inclement weather may liave lowered 
tlie temperature of the patient. It is agreed that the patient who has 
been exposed to cold and moisture should be placed in a warm bed and 
should be covered with blankets. On the other hand, the indiscriminate 
use of large numbers of hot-water bottles and other heating devices may 
result in harm rather than in improvement in the general condition of 
the patient. 

n is a plc.asure to (.Nprc.ss my tlmnk.'! to Dr. Barney Brooks for his helpful advice. 
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A STUDY OF GASTFOJNTESTliVAU MOTILITY IF THE DOG 
FOIjLOAVING ILEOCOLOSTOMY AND PARTIAL 
COLONIC RESECTION 

Donai.d D. KozolIj/'' M.D., and IT. Neciieles, j\I.D., Pn.D., 
Chicago, Iee. 

(From the Department of Gastro-Intestinal Desearch, Michael Jleexc Hospital) 


T he rationale upon which the anastomotic procedures of the ileum 
and colon are based is that by diversion of the fecal stream past the 
site of pathology, physiologic rest will be attained. The benefits to be 
accrued from this include .subsidence of inflammatory reactions localiza- 
tion of infectious 25rocesses, decreased absorption of toxic products from 
the involved segment, relief from obstruction, decompression, and general 
rehabilitation in preparation for further surgerj". 

The procedure of ileocolostomy has been recommended for a multi- 
tude of pathologic proce.sses involving the right half of the colon and 
the terminal segment of the ileum. The anastomosis alone has been 
advocated as a curative procedure in some instances; in others, it is 
recommended as the first stage in preparation for resection of the right 
half of the colon. Lewisou,* Colp," Berg,* Crohn," and others have been 
advocates of ileocolostomy as the surgical procedure of choice m the 
treatment of regional (segmental, terminal) ileitis. Colp has utilized it 
for treatment of regional colitis, and many others have long used it for 
tuberculosis of the ileocecal region and for obstructive lesions of the 
terminal ileum. Rankin and Graham* and Lahey* favor completion ot 
an ileocolostomy in preparation for re.sections of the right half ot the 
colon and the former have described an aseptic technique tor its 


completion.’^ , • -f 

A fair amount of clinical evidence exists to indicate that short-eircuit- 
onerations upon the ileum and colon do not actually lead to phym- 
nwk rlst of the proximal colon left behind. Case* in 1915 reviewed ap- 
Hmately forty cases of ileocolostomy performed by different .mrgeons 

and obsem frequently noted that the barium con- 

Imt '-fluently beeanm impacted and that occasionally 

If the terminal resected ileum progressed to a point where it 
dilatation 0 Furthermore, because of the case with 

assumed the re<-urgitated into the ileum following the anas- 

which barium necessitv for the reconstruction of a .splnnctenc 

tomosis, he urgec the new anastomosis. Ginzburg, Colp, and 

mechanism at the su 

„ Research Fellow in SurRcrj, 

.Bem.aril ^“''U^cation, Jnl>' 
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Sussman" reviewed tlie roentgenograms of tliirtj’^-two cases of ileocolos- 
tomj' and altliougli thej' found regurgitation of ileal contents into tlie 
excluded segment of colon, this did not lead to abnormal distention, 
dilatation, or ulceration. Berg" I'ecognized that an ileosigraoidostomy 
did not divert the fecal stream because of continued retrograde pei'istalsis 
and accordingly recommended division of the sigmoid at a point proxi- 
mal to the anastomosis, followed by a veseetioir of the entire excluded 
colon at a .sub.sequent date. 

However, there is little or no experimental work to clarify the question 
of whether short-circuiting procedures of the colon produce physi- 
ologic rest. In addition to that question, there is much more to be 
learned concerning the fate of the blind loop of colon and the stump 
of ileum, the elfect of pouring liquid feces into the distal portions of the 
colon, the effects of such procedures on colonic filling and einptjdng, the 
compensatory function of the distal colon following resection of one-half 
or more of the colon, and finally, the influence of these procedures upon 
the general body economy of the animal. 


3IETHOD 


A colon}’ of eleven large, carefully selected, healthy noimial dogs were 
selected and prepared for chronic experimentation. Each animal had 
an individual kennel, was fed individually, and was given antihelminth 
medication upon arrival (tetrachlorethylene-magnesium .sulfate). Feed- 
ings of a standard quaixtity and quality diet® were given at 9 :00 a.m. 
daily and the animals permitted in outdoor keimels after eating for 
exorcise and defecation. The beneficial effects of this type of care on 
the general condition of the animal and on the surgical risks were 
obvious. The animals were trained to lie quietly on a fluoroscopy table. 

At weekly intervals, the dogs were fed a barium meal at the time of 
the usual meal, and the animals fluoro.seoped at hourly intervals there- 
after for the remainder of that day (eight to nine hours), Eeeords of 
the passage of the barium meal were kept on specially prepared mimeo- 
graphed slicets (Fig. 3) and the amounts of barium present in tbe 
stomach, small intestines, and colon at each observation were recorded 
in percentage of the total. Tbe barium meal consisted of 70 6m. of 
barium .sulfate, mixed well with l.oO c.c. of water and one 16 ounce can 
ol dog food.! On the second day the dogs were fed their usual meal 
at the customary lioiir, allowed to defecate, and then fluoroscoped at 
intervals until all barium was evacuated. I’sually, eating of the second 
meal served as the stimulus for complete evacuation of all barium ae- 
eumulutcd in tlio colon overnight. 


„ .'.VfL'l OcluJf'il tho following: One 1C ounce c.m of commercial dog food 
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RESULTS 


]\ oriiial ConfroJ.i. — Pii'jy-t'wo motor meal studies were made at weeki}' 
Intel Veils on elei'en normal dogs. Fig. 3 is a i^resentation of the average 
rate of progress of the barium meals in all dogs. Valuations between 
different animals proi’cd no greater than variations in the same animals, 
■\vliieli were slight, so that the A’alues given in Fig. 3 represent results 
seen in the great majority of instances. 

Gastric emptying usually commenced from within one-half to one 
hour after giiung the meal, and emptying’ was complete between six and 
eight hours. The small intestines neA’er contained more than 40 per cent 
of the barium at any time and the barium usually traversed it from 
seven to nine hours after the eating of the meal. The normal colon began 
to fill with barium between the fourth and sixth hour and was eompletel.v 
filled at the eighth or ninth hour. Depending upon the habits of the 
individual animal, some were inclined to defecate barium as soon as the 
colon began to fill, wdiereas the majority retained the barium in the colon 
until permitted outdoors to defecate. Upon defecation, the distal colon 
emptied itself first, follow'ed by an immediate passage downward of the 
contents of the pro.ximal coloii into the distal portions. Evacuation w'as 
usually complete in twenty-four to thirty hours, especially following the 
eating of a second meal. These studies served as the preoperative 
controls. 

The progress of barium through the gastrointestinal tract of the dog 
compai’es very favorably with figures given for the human being bj' 
Brown and Sampson.'® 


Barium enemas were given to the .same aJiimals to determine the degree 
of colonic filling and the competency of the ileocecal sphincter. These 
studies w’ere intended to serve as controls for the bai'ium enemas to be 
given foUotring ileocolo.stoin.v. The enemas were administered under 
measured i^res.sure from a bottle, attached to which was a pressure bulb 
and a tycos manometer for measuring tlie pre.ssures attained. 


In only three of the eleven dogs were the ileocecal sphincters consis- 
tently competent against regurgitation of the enema under slight pres- 
sure The colon would frequently hold between 600 and .900 e.c. of solu- 


tion depending upon the size of the animal. Tiitracolnnic pressures at- 
tained for a period of several minutes varied between SO and 50 mm. In 
over 70 per cent of the animals the .sphincter “gave” at this pre.ssure. 
The pressure within the colon u.sualJy fell when regurgitation info the 
•J nn occurred. It must be appreciated that such pre.ssures are not 
^ in- apvploned except perhaps under conditions of mechanical oh- 
normallj enema from the colon was usually 

"^'“tete- remu-itated material left the ileum in about the same length 
of time as in the ease of a meal. 
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Ohuvmiions Follotoing Ileocolosfomy. — End-to-side ileoeolostomies 
were performed under aseptic operative conditions on all eleven dogs 
under intravenous nembutal (pentobarbital) anesthesia, with two deaths 
(18 per cent mortality). Figs. 1 and 2 illustrate the procedure em- 
ployed. We have combined the end-to-side ileocolostomy as described by 
Rankin and GrahanF’ ‘ with the aseptic technique of gastrointestinal 
anastomoses as described by Wangensteen.'* Division of the ileum was 
made at a point 5 to 8 cm. di.stant from the ileocecal junction, for at this 
level of the ileum there is frequently a branch of the cecal artery and vein 
which courses along the antimesenterie border of the ileum of the dog ; 
it was utilized to iucrease the collateral blood supply of the anastomosis. 



6 m-ocolo.ston.y. .1, n..u„, tu 

lnir> I? Stotiiu on rolnnif. r '**V (not Fjiown in thip tiraw- 

iUr." J N .‘■‘“'"elnp .«m,m nipplo on 

ntcohol. I> l-'irKt Iniinn)))),',) jj.Jhi'V ... ,1 ' . o.tutvrlzatlon with phonol -inil 

L-iiV „n Oi.-t. rioi s. rr.iW ' i... 'I'n«i-e...s ftutiii.- v\ ith .No. 00.0(1 inti'.'Uinal cat- 
on colon to ice n» hiCKc as 'on llcnm' 'I''*’* *nt<■^nn^.• and Ktltch 
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Inversion of tiie distal ileal stiini]) vas accoinphshed by a purse-striag 
■suture of No. 0000 intestinal eatgnt followed by three or four interrupted 
Ilalsted mattress .sutures of .silk wliieli inverted the first row of sutures 
riie last silk suture was taken tlirougli the undersurface of the cecum to 
bring it down as a hood over the inverted ileum. The anastomosis of the 
end of the ileum to the site of the colon was aecomplkshed wfih two 
stiaight-bladed intestinal clamps of .small enough caliber to minimize 




A£te.T? reseefciorL 
o£ colon. 



9 ^ Second ro^ ot mleirupted Halsted mattress sutures of sfik arc placed 

^rnund the* circumference of the anastomo^s. in\crtingr the pre^ioU‘? ro^^ of catp^ 

?,i?tVrp« B The completed anastomoMs C The postoperath e appearance of the i^eum 

* TV trapped fn omentum B The appearance or 

f'T the proximal excluded colon Inversion of the 

the same method used for the anastomosis 


the amount of intestine crushed. The first posterior rows of sutuics 

usuallv consisted of four interrupted Ilalsted mattress sufures of No. 

0000 intestinal catgut on a siii.ill cumed afrannintie needle. (Fig. 1 ) 

The sutures were taken along the long avis ol both sdiicfiires, that on 

the colonic side incovpotatiiig about twice as much tissue to overeomc the 

‘ . . 4 .,,. of the two structures .Siiiiihir sutures were 

disproportion in me 
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tlieii placed on the anterior surfaces and tied as the tivo intestinal clamps 
ivere gradually ivithdraivn. A second and final row of similarly inter- 
rupted sutures of fine silk ivere then taken around the eireumfereiice of 
the entire anastomosis. (Fig. 2.) The advantages of the interrupted 
sutures in this procedure over the continuous sutures as originally de- 
scribed by Rankin' lies in the ability to withdraw the intestinal clamps 
gradually instead of risking spillage of intestinal content as we have 
frequently otherwise noted. It further decreases the amount of encroach- 
ment upon the caliber of the anastomosis, and provides the greater safety 
inhei-ent in the use of interrupted sutures. Approximately 2 Gm. of 



B&rium tical 1 hr. 2. tin. ‘ 3 his. 'llvs. 



5 his ■ 6 hrs 7 hrs § hts Afwr Djfecancn Zh Krs. 


Pig. 8.— P.ccor<l of average progress of motor meal in normal control dogs as drawn 
from aiioroscopj . Xote that normal colon begins to aU between the fourth and 
sixtli liours and Is almost completely Bllcd by the eighth hour. Colon is usually 
i mptied after twenty-tour hours If defecation is encouraged by eating. Asterisk de- 
notes percentage of barium In .small Intc.stlncs. 

siillaiiiliiiiiide ixiwdcr was applied to the serosal surface of the anasto- 
uuisis, the umistomosis wrapped in omentum and returned to the peri- 
toneum. iiiul closure effected in layer.s. All animals were given intra- 
veiHius lluiils postoiieratively as needed, usually until the third day. Snl- 
faniiamide solulion ((),,s pep sajjup solution) was admini.stered 

suhcutuneiiiislt for the same period of time. Fluids by month tvere 
usually begtiu on the second postoperative dav. Rv the end of the tveek 
the animals mere returned to their usual diet which they consumed with 
h'l-eat aiipetile. .\o iminediato posloiierative comnlieatious w-oim «« 
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couiifeied. After the first week, all stools were foi'juecl and were normal 
ni eolor and eharacter. An interval of at least two weeks elapsed be- 
tween operation and the first barium meal. 

A total of fifty-four bariinu meal studies were carried out at weeldy 
intervals on the nine dogs which survived the operation. Fig. 4 is a 
composite ret^resentation of the ai'erage progress of all barium meals in 
all dogs following ileoeolostomy. The most striking observation was the 
effect of ileoeolostomy upon the time of filling of the colon; whereas in 
the normal controls this occurred between the fourth and sixth hours, 



Pig 4 . — Reco' ' of motor meal in same series of doss as repre- 
sented in Fig. 3 . as drawn from nuoroscopy. Note that gastric 

emptying time is ; i- : • . !i ■■ cdonic ailing commenced two hours earlier than 
in the normal control and was completed by the sixth hour. Note especially that retro- 
grade passage of barium into proximal excluded colon occurred at same rate as 
fllline- of the distal colon. Emptying time of the colon was the same a.s prior to 
surgery Asterisk denotes percentage of barium in small inte.stines 


after ileoeolostomy filling tvas found to commence between the second and 
fourth hours. Tin's two-liour diff'erence was .seen in the majority of in- 
stances the exception being a diff'erence of les.s than two hours. In no 
case was the time of colonic filling the .same as preoperatively or pro- 
loiif-ed” The interval of time between operation and motility tests ap- 
i-edto make no diff'erence, the longest interval being four months. 
1 nr"- Colp and Sussmair found in the liumaii being that a barium 
meal reached the stoma of an ileoeolostomy between the fourth and 

sixth nervation was the consistency of retrograde filling of 
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in all animals. The barium which entered at the site of anastomosis ap- 
peared to fill the proximal colon to the same extent and at the same rate 
as the distal colon. This has been frequently described iu the human 
being.^ The distal colon is evacuated first on defecation (Fig. 6), fol- 
lowed by a passage of the barium from the proximal into the distal colon. 
Retrograde filling of the cecum was quite common, although retrograde 



Fig. 5. — Record of a^erage progress of motor meat in same series of dogs as 
repiescnted in Figs. ?, and A following ileocolostomy and resection of proximal ex- 
cluded colon, as drawn from fluoroscopy. Colonic filling began tw’o and one-half to 
three hours oarlior than in tlie normal control. Capacity of colon was limited so that 
partial evacuation of the colon occurred before the small intestine had emptied com- 
pletely. The colon accommodated for limited capacity by temporar>' dilatation (sec 
sixth to seventh hour record). Emptying time of the colon was the same as prior to 
surgery. A.‘Jter}«!k denote*? percentage of barium in small inio.stino. 


filli?ig of llie ileal stump was never .seen. At the end of twenty-four 
hours the proximal exeluded colon was invariably empty ami the distal 
colon was usually empty, especially if defecation had been stimulated 
by feeding ( Fig. 7). At no time did we observe impaction of the barium 
iu tile biiiul proximal colon, as reported to occur in tlie human being by 
Case." 


(iinzbuvg iuul his associates- found dilatation of the ileal loop adjacent 
to tlie anastomosis in one-third of their twenty-two patient.s. although 
evidence of ileai stasis was found in only two of them. We never ob- 
served dilatation of or stasis in the ileum adjacent to the annstoinosi.s in 
the dog. I Ills was eonfirined by inspection at a sidisequeut operation 
(Fig. s). However, we have seen temporary ileal dilatation followiim 
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partial colon reseetioii ; M-hen the remaining colon had filled to capacity 
mfh barium, the remainder of tlie barium accumulated in the terminal 
portions of tlie ileum (Fig. 5) until the colon partiallj^ evacuated and 
could accommodate more barium. Gastric emptying time appeared to be 
shortened by one-half to one hour. Whether this is of significance is 
doubtful. 



Fig 6 — A. X-ray film following ileocolostomy XX' marks site ot anastomosis 
Progress of barium meal at sixth hour Note the degree of colonic filling at this time 
■with retrograde flUmg of proximal excluded colon (PC) as far back as the cecum 
(O') P. Pilm of same animal tuo hours later, during -which interval defecation had 
occurred Note degree of emptjmg of proximal excluded colon (PO ). At twenty-four 
hours entire colon had emptied. 



nf nrn'Ti'int doK following ilcocolostomj . Margins of proximal 
ig 7. — it- anastomosis {XX') outlined with Ink Progress of barium at 

ided colon (P.O.) and an. pnmg at this time with letrogrnde filling of 

1 hour. Note degree of bick as the cecum (C). IJ. Pllm of same 

e"eks"’anernfi'?‘i^ocolostoml - 
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Barium enemas usually revealed a simultaneous filling of the proximal 
colon and terminal ileum; whether the ileum or proximal colon filled 
first was variable, but the difference in time was slight. Dilatation of the 
terminal ileum was seen in none of the animals even with barium enema. 
Expulsion of the enema from all portions of the colon was usually as 
complete as prior to the ileocolostomy. 





Hjr. 8. — Pliologiaph ot ileocolostomy taken at time of resection of proximal ex- 
clmlocl colon. Note that Ileum (/) is of normal caliber and that colon proximal to 
nnrislomo**!** (P.C.) Is of about the same dimension*! av distal colon {DC.). 


Tlic clinical course of these animals postoperatively was satisfactory. 
During a four-month coui-se no symptoms of bowel obstruction and no 
diarrhea or colitis occurred. The animals’ api)etites were excellent, the 
majority ol them gaining 5 pounds or more in weight (10 to 15 per cent 
of total body weight). 

1 he ileocolostomy was inspeeted at the subsequent resection of the 
proximal eolon (I’ig. S). 'I'lie anastomosis was usually covered by loosely 
adiierent hands of omentum, which apparently contrihuted to its blood 
supply, llie ileum was of nttrinal dimensions and color and the stoma 



870 


SURGERY 


perniittecl the insertion of tiie tip of tlie index finger from the colonic 
side. No evidence of dilatation or obstruction was present. The proximal 
excluded colon was of normal caliber and appeared the same in every 
respect as the distal colon. On inspection of the .specimens of proximal 
colon following resection, they were seen to contain soft, formed fecal 
matter. The inverted ileal stump was well healed in all specimens, its 
lumen empl.v, a7id regni’gitation ijjto this structure apj^eared nnlilrely. 



„ „ Photocraph ot fresh specimen of ilcocolostoniy horn tlie .same (loir sliomi 

• s- anastomosis lemoved three months after the re.sectlon of the proximal ex- 

T ,.otnn ^ Xote the ample stoma of the anastomosis A'A" which i.s approximately 
S^S^cni i^n circunifer^^^^^^ The mucosa of the ileum (7) and the distal colon (D.C.) 
appeared normal. 


Observations Following Partial Colon Rcscrtion.—ltesccVwn of the 
Ion proximal to the anastomosis was uiidertalcen as a seoond-.stage pro- 
*^°dnre followiii"- ileoeolostomy. The segment removed included the in- 
I 1 Ueal stumn the eeeum, ascending eoJmi. fransver.se colon, and the 
verted < J ’ colon. This was accomplished in all 

upper poriiou PI- 
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nine dogs -without a single niortalitj'. The colon -was removed as close to 
the anastomosis as possible to decrease the amount of blind colon left 
behind. The colon was sectioned trans%'ersely and inverted -with a row 
of interrupted catgut sutures as described for the anastomosis. A second 
row of similarly applied silk sutures inverted the colon still more. The 
advantage of interrupted sutui’es for reliable closure was striking. In 
previous operations on dogs we had learned that the procedure of 
“open” anastomoses with the dog’s colon was followed by a high mortal- 
ity. The animals were treated postoperatively as they were after the 
ileoeolostomy. The postoperative course of these animals was as unevent- 
ful as after ileoeolostomy. None of the animals developed diari'hea, 
weight was maintained, and they appeared to be in good health. 

A similar scries of barium progress meal studies was made in the nine 
dogs and Fig. 5 is a composite representation of the average progress of 
the barium meals in all dogs following ileoeolostomy and resection of the 
proximal excluded colon. Colonic filling was further shortened by one- 
half to one hour, a total shortening of two and one-half to three hours 
from the normal control observations. Gastric emptying time was about 
the same as after ileoeolostomy, but emptjdng of the ileum appeared to 
be impeded by the limited capacity of the colon (Fig. 5, S hrs.). It 
usually required a defecation to evacuate the colon partially before the 
.small intestine emptied completely. This appeared to have no permanent 
effect on the terminal ileum. The animals were capable of emptying their 
colons as completely after paiiial colon resection as before, and at the 
end of twenty-four hours the colon no longer contained anj' residual 
barium. Frequently -we noted a compensatory dilatation of the distal 
colon (Fig. 5, 6 ltrs.-7 hrs.) 


Discrssiox 

Timt retrograde filling of the proximal excluded colon should have 
been an invariable accompaniment of the ileoeolostomy is an item of 
considerable practical importance. Certainly the segment of the colon 
proximal to the anastomosis cannot be considered to be at physiologic 
rest. The fact that it evacuates synchronou.sly with the distal colon, and 
that it contains dehydrated fecal matter, points further to its continued 
activity as under normal conditions. Whatever benefits are to be de- 
scribed as rc.snlting from tlie procedure of ileoeolostomy cannot be 
ascribed, wc feel, to divei-sion of the fecal stream. 

That colnni<' filling .should commence two ho\irs earlier following ileo- 
colostomy. and .still sooner after the resection of the proximal colon, ap- 
pears to be due to the lack of a physiologic sphincter. Operative findings 
•suggested anastomotic stomas far more imtulous than the ileocecal 
sphincter. Obviously such rapid emptying of the small inte.stinc is un- 
desirable and efforts should he directed toward decreasing the speed of 
progress of the meal out of the small ititestiue. Barium enemas after 
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ileoeolostoluy furtliei’ showed tlie patulous state of the new anastomosis. 
It is interesting to note tliat one of the arguments offered in favor of an 
end-to-side ileocolic anastomosis over the side-to-.side technique was the 
preservation of tlie circular muscle fibers of the ileum and therefore a 
continued sphincter action at the stoma. Our observations do not sup- 
port this contention. 

We must not overlook the fact tliat our experimental procedure differs 
in two important aspects from the problem in the human being. First, 
we are dealing with the dog’s colon which is shorter, smoother, and more 
tubular than the human colon. Second, our proximal excluded colon is 
essentially a normal one, whereas in the human being it is the site of 
some pathologic change. Whether the diseased proximal colon would 
CA'acuate its barium as rapidly as it did in our animals is another prob- 
lem. 

From our observations we feel that the chance of the blind loop of 
colon or inverted ileal stump developing pathologic changes due to its 
coiiA'ersion into a blind loop is unlikely, for the colon can empty in the 
normal direction, and regurgitation into the ileal stump does not usually 
occur. Furthermore, neither of these tivo operative procedures inter- 
fered with the state of nutrition of the animals. 


CONCLUSIONS 

1. Ileoeolostomy in the dog was followed by a two-hour decrease in the 
time of colonic filling. Following resection of the colon proximal to the 
anastomosis, this time was still further shortened. 

2. Eetrograde filling of the pi'oxiinal excluded colon rvas an invariable 
accoinpauiment of ileoeolostomy in dogs. 

3. The proximal excluded colon cannot be assumed to be placed at 
physiologic rest as a result of ileoeolostomy; nor does it apiiear to be 
likely to develop anj' pathologic changes as a result of the procedure. 

4. Kesection of the proximal one-half of the colon of the dog is fre- 
quently associated Avith temporary compensatory dilatation of the distal 
colon and temporary ileal stasis, apparently due to a limited colonic 
capacity. 

5. The procedures of ileoeolostomy and partial colonic resection in the 
do" can be accomplished AA-itliout alteration of the nutrition and health 
of the animal. 


tn Dr Siclnev Portia for siiKpcstion-i .inU lielp. to Air. Luimi AS'r 
forT^Sal a®4Siunce%nd W Dr H.orold U-,ufn,an for clr,OMnp FifV.. 1 an, I 2. 
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THE PATHOGENICITY OP THE BACTEEIA OP 
APPENDICITIS PERITONITIS 

Aa’ Experijiental Study 


William A. Altemeier, JI.D., Cixcixaliti, Ohio 

(From the Departmcnl of Surgery of Ihe University of Cincinnati College of 
Medicine, and the Cincinnati General HospitaU ) 


pERlTOAGTIS secondary to acute perforated appendicitis is rarely 
* caused by a single type of baeteriuin. On the contrary, the bac- 
terial flora of the peritonitis exudate is mixed and varied, and all of the 
intestinal bacteria niaj’- be found in the peritoneal exudate in such 
cases. In a previous study at the Henry Ford Hospital in 1938,’ sixteen 
species of aerobic microorganisms and at least eighteen species of 
anaerobes were described in the purulent exudate taken from the im- 
mediate vicinity of the perforated appendix of 100 cases. Every exu- 
date yielded at least one type of bacterium and in no instance was an 
entirely negative culture obtained. Three or more species of bacteria 
were recovered from 96 of the 100 eases and as many as seven types 
were occasionally isolated, similar to the findings of Weinberg, Prevot, 
Dai^esne, and Renard in 1928.^ The average numbei' of anaerobic species 
in a ease often exceeded that of the aerobic, agreeing with the previous 
reports of Veillon and Zuber,® Runeberg,-' and Ileyde.® Among the 
aerobes recovered ivei'e Bacillus coli, streptococci, B. pseudodipldlieriac, 
staphylococci, B. lactis aerogenes, B. jyroieus, B. alltaligencs, B. suhiilis, 
and B. mesentericus ; and among the anaerobes Avere B. mclanmogenicum, 
streptococci, gram-negative diploeoeci, B. ihetoidcs, B. fragilis, and mem- 
bers of the Clostridium group. 


In this paper the pathogenicity of the.se bacteria in pure and mixed 
culture has been studied. The aerobic orgamsms were cullivated for 
twenty-four hours in beef extract broth or brain iiroth. Two cubic centi- 
meters of this material were then injected subcutaneously and intraperi- 
toneally into guinea pigs and the results are shown in Fig. 1. By using 
liquid media it was thought the results obtained would represent not 
only the virulence of the bacteria themselves but also the toxieifj" of their 
accumulated metabolic products. The majority of the strains tested pro- 
duced minor local lesions or cellulitis about the point of suljciif ancons 
• dilation, but imually failed to cause a fatal peritonitis. Tlie ao'obcs 
producing a fatal peritonitis included .some strain.s of B. coli, 
Tmocvanms, and R. alltaligcucs. Twenty-one strains of B coli were 
thus tested and three of these were quite vinilent, produemg large areas 

- .uj,, y-ork WAS Cone nt tli<- Henry Ford Ho'<pllnl, Detroit, MIeli. 

‘nTceiveTfor publication. June IL ISH- 
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of cellulitis and rapidly fatal peritonitis. The low virulence of the re- 
maining eighteen was quite surprising. The nonlieinolytie aerobic strep- 
tococcus, which usually presented the cultural characteristics of the 
Streptococcus faecath, was found to have little or no virulence. 



yip I — of the injection of pure cultures of bactena subcutaneously in a 
Kuinea piK Table III. Ca«?e 2), B. coh 2. Aerobic streptococcu**. 5. B. 

j>voc}iancu^ mclanmaffcrticum. 5, Anaerobic coccus. Note the verj' minor 

produeoil 

The virulence of these aerobic bacteria, ])articularly B. coli, for guinea 
pigs and rabbits could be gicatly increased by the coincidental injection 
tlirough a large bore needle of many paxTielc.s of autoclaved sterile tissue, 
t'or example, if an aviruleul culture of B. coli was injected along with 
inan\ line pieces of autoclaved brain or muscle tissue, cellulitis and fatal 
peritonitis iiuanahly occurred. Similar obseiwations liave been made 
pre\iousl\. Halsled,’' working with Biuj^hplncoccus aurrus, found that 
dons did not dexclop peritonitis when a bouillon cnltui-e of the baeteriuin 
was iniiodiieed into the peritonea! cavity. However, if a small piece of 
potato was intiodiiced along with the bacteria, a fatal peritonitis de- 
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veloped. Similarly, if a small piece of omentum was tied off and struiigu- 
lated within the abdominal cavity, its contamination with stajjhylococei 
frequently resulted in peritonitis. 

Manj^ of the anaerobic organisms wore difficult to cultivate in pine 
culture. using deep tubes containing brain broth and a small amount 
of blood, a faii'ly good growth was usually obtained under strict an- 
aerobic conditions. In the ease of the anaei’obes, 2 c.e. of a forty-eight- 
or seventy-two-houi‘ culture were usually used for the inoculations. The 



^ tonuve cellullti"! .nnd Kangi-cne produced bj- tlio subcutnneoii.i inoculiitlon 

Fiff. 2.— ‘-•ye 151 c ^ bactcrl.a used in Fis 1. D coll, .iciobic .sticiitocofcus, 

B pi/ocva)ieii’iI>- mclnninopcnicum, nnd nnnerobic coccus {see T.ilile III, Case 2). 


• ■■fv of the anaerobic bacteria invcstigaleil diti not jiroduee a fatal 
niajoii exception of hemolytic strejilococci, II. ihcioulr.s, 

pell Qijjg an-icrobic B. mcUtmnoticninm frequently found in 

and . /' . exudates was separated with great diffieulty from 

onr series o j^ieoceiis wifJi which it was frequently and inti- 

nonhem . found to be relatively nonpathogenie. 

atclv assoeiiiteu. 


a 

matcl} 
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A study of Tables I and II shows that the majority of bacteria found 
in appendicitis peritonitis, when injected in pure culture, did Pro- 
duce a fatal peritonitis. If, however, several or more strai^ 
liaeteria found in a given case of peritonitis were mixed and cultivated 
simulating their existence in the peritonitis exudate, their composite 
virulence was greatly increased. The synergistic effect produced by these 
bacteria was repeatedly demonstrated. The various strains of bacteria 



I IK 3 — inis K increne In the gulne i piR produced b\ the subcutaneou"! in- 
l.itlDP I'f 1 MilMi! rulturi of J1 cuti, nonlumonUc -trrptococcu'i. anaerobic coccobacll- 
ta**. an leridilf oocrim (larKO, and anitrobit nueroeoccvis (‘.ee Table III, Case 1) 

isolated from a mven case of appendicitis peiitoiiitis were inoculated in 
pure ciiltuic subcutaneously and intrapentoneally into laboratory ani- 
mals and their efiect noted. .Subcutaneousli , lelatively minor lesions 
ususilly were the usult. (Table 111 anti Fifr 1 ) Intrapei itoneally flie 
■fieiit majontj of these h.ieteiia did not piodiiee ,i fatal iierilonitis in the 
dos.mes emphnid ^Yhen the same str.iins of organisms were mixed, 
eiiltnated, and then injected into similar experimental animals, it was 
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found that an equal or smallei dose zesulted in extensive areas of cellu- 
litis fiequentl}' accompanied bi' gangrene (Figs 2, 3, and 4; Table III) 
and frequently ovenvliebninglj* fatal peritonitis. 

These facts combined with the observation that many of these bacteria 
grow sparsely in pure culture, but profuselj^ in mixed culture, suggest 
that they exist in the peritonitis exudates in a state of sjmibiosis and that 
their synei’gistic effect plays a large part in the infection. 



nr,],‘ririuK Eubcutancou-s injection ot mixed culture of B. lactis 

,m .. ,obl. „.l. ro, ..ecu, c7 Ca%e 


Itlsfl ssiON 

'iheie aic inanj loasoiis \vh> it ,s dimcult to estimate the human 
pathofienm potter of i.^eteua associated ttith appendicitis peri- 
tonitis . ot on t .lie thoie iii.uiy diffeieut species of bacteria found 
m 1 le pnitonit is exudate, tint consider.dile t.iriation in vindcnec also 
oeenis amon. dideicnt str.iins of the same species Many of the bae" 
(iia 1)10 lait ose then patho-renie power under llie repented sub- 
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cultivations necessary for their isolation in pure culture and their 
proper identification, and this may have occurred in our experiments. 
The laboratory animals used to test virulence may have a susceptibility 
entirely different from the human being and may actually possess 
either a natural individual or species immunity. Evidence is accumu- 
lating that some bacteria such as the anaerobic streptococci are defi- 
nitely pathogenic for liuman beings under certain conditions, yet all 
attempts to demonstrate their pathogenicity in experimental animals 
have failed. Finally, metabolic diseases, individual human variations 
in general health, and susceptibility to infection are all factors of im- 
portance ■which determine tlie pathogenic poiver of bacteria in an indi- 
vidual case. 

In the experiments presented in this paper there is strong evidence 
that the accumulative action of all the bacteria, aerobic and anaerobic, 
detci'mine to a large extent the nature and severity of the peritoneal 
infection. It appears that slightly or apparently nonpathogenic micro- 
organisms may plaj^ an important part in tlie course of the peritonitis by 
increasing the virulence of the bacteria u'ith which they are associated. 

Symbiosis in disease has attracted relatively little attention in medi- 
cine and surgery. The course of medical investigation and reasoning 
since the time of Pasteur, and more particularly Koch, has been toward 
the monoctiology of disease. Indeed, the fulfillment of Koch’s postu- 
lates is generally required for the establishment of tlie etiology of a 
disease. Largelj’- for tliis reason the true nature of many pathologic 
processes has remained obscure. 

The biologic relations of microorganisms arc of the greatest signifi- 


cance in the economy of nature and in the pi’oduction of disease (Ken- 
dalF). Bacteria in nature do not grow in pure culture, although in the 
tissues of man or animals they may do so as disease-producing bacteria. 
One of the important functions of bacteria is to reduce dead organic 
matter into mineralized .salts, the .successive steps being effected bv 
different species of microbes. Fi-equently tlie products of such sym- 
biotic activity arc greater than the total of the separate activities of 
the bacteria. In man and animals, natural infection with more than 
one bacterium is relatively frequent, and the particular combinations 
wliich may occur to a large extent determine the course of the disease. 
Koger.s* (18891 was the fir.st to show that li. prodifiioxun added to the 


haciiius of maiignant edema made sublethnl injections of this anaeroho 
fatal for rabbits. Novy' found association of B. prolrns and B. oedema- 
tirns produced rajiid death of fininea pijrs. P.arrien' (1920) noted that 
B. pnitdi-: and nonpathoiienic spovc-bearing aerobes in wounds ex- 
hibited the vinibmee of jintliogenie bacteria. Kammerer'’ introduced 
the term “synergism” into bacteriobmic nomenclature to indicate the 
Slim activity of two or more microorganisms. Ifc cited examples of 
.synergistic action in observations on the ro.luction of pure l.ilirul.in 
and mesobdu-ubm to urobilin by emulsions of Imnian fccc.s. The .syncr- 
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effects, nor any alnionnality in the peritoneal cavity beyond slight 
injection. However, by adding gnm ti'agacanth to the B. coU suspen- 
sions, he was able to produce death by inti'aperitoneal injection in 
rabbits Avithin thirteen to thirty-six hours. Steinberg'® cited the fre- 
quent inability of investigators to produce a fatal peritonitis experi- 
mentally by intrapei'itoneal injections of saline suspensions of B. coli, 
and he adopted the method of Benians of inoculating B. coli suspended 
in gum tragacanth. 

In summary, an analysis of the literature and of our experiments 
indicates that appendicitis peritonitis is usually a “polymicrobic” in- 
fection caused by the synergistic pathogenic action of a group of bac- 
teria existing in the peritonitis e.xudate in a state of symbiosis. Cor- 
relation of clinical and experimental studies shoAVs that the greater the 
number of bacterial species pi’e.sent within the exudate, the greater the 
severity of the peritoneal infection is likely to be. 

CONCLUSIONS 

1. The pathogenicity of the aerobic and anaerobic bacteria most fre- 
quently isolated from the peritoneal exudate of 100 cases of acute per- 
forated appendicitis Avas studied in experimental animals. 

2. The great majority of these bacteria did not produce a fatal peri- 
tonitis Avhen injected in pure culture. 

3. The ascription of acute perforated appendicitis peritonitis to the 
unaided activity of B. coli or other single strains of bacteria seems 
Avithout sufficient justification in the average case. 

4. llany avirulent strains of bacteria, particularly B. coli, become 
highly virulent in the pre.sence of dead sterile tissue Avithin the peri- 
toneal cavity. 

5. In mixed culture these bacteria sIioav a synergistic action produc- 
in'! a high degree of pathogenicity. 

f). Acute pcrfoi’ated appendicitis peritoniti.s appears to be an infec- 
tion resulting from the synergistic activities of the various bacterial 
symbionts present in a given case. 
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g'istic activity of B. jmtrificvs and certain aerobes be believed wns 
responsible for this. Ronx and Yersin® restored the virulence of an 
avirulent strain of B. diphtlieriae by the addition of a nonfatal dose 
of the streijtoeoccus of erysipelas. Jacobson, Wolf,^” Albert and 
Kilman,^^ Roos,^- and Hudson'^ all found that the vanilence of B. in- 
fiumzac was increased when mixed with streptococci. Coley’^ showed 
the streptococcus was more virulent in combination with the B. pro- 
digiosiis. Jennings^® (1923) discussed the role of Cl. rcelchw in appen- 
dicitis, and he believed that Cl. ivelchii infection oeeurred^ns a rale in 
symbiosis with a number of other bacteria. 

Weinberg, Prevot, Davesne, and Renard (1928)^ found anaerobes 
predominant in purulent exudates of gangrenous appendicitis. Their 
experiments suggested the possibilit 5 '' that not only appendieitis but 
also peritonitis was the result of the combined action of bacterial 
mixtui'es. 

Melenej’-, Olpp, Harvey, and Jenn^® (1932) observed that if more than 
one tj^e of intestinal bacterium was present in the peritoneal exudate, 
the cli 2 iical course of the illness was much more serious than when only 
one was present. They studied the pathogenicity of B. coli, non- 
hemolytic streptococci, and Cl. ivelchii which were the organisms com- 
monly found by them in peritonitis. All four possible combinations of 
these three species were made. When any turn or all three types were 
combined, the mixture Avas lethal in quantities considerably less than 
the lethal doses in pure culture. This avoiIc clearly shoAvs the syner- 
gistic activity of these three symbionts in peritonitis. In our experi- 
ments a similar cumuIatiAm action of many more species of bacteria, 
both aerobic and anaerobic, in peritonitis has been shoAvn. 

The symbiotic existence of the intestinal bacteria AAUthin tlic inte.s- 
tinal tract is generally recognized. Experimental evidence indicates 


that the same bacteria exist in a similar state in the peritonitie exu- 
dates of perforated appendieitis. Tlie synergistic pathogenic effect of 
the different strains of bacteria groAA’ing in symbiosis has been demon- 
strated by our experiments. These experiments also substantiate our 
previous obseiwatioid that the more clinically scA-erc cases of appen- 
dicitis peritonitis occurred most frerpientJy when five or more .species 
of bacteria Avere present in the exudate. Xo ease died in AA’hieh only 


one species of bacterium Avas found. 

As noted preA-iou.sly the low virulence of the majority of strains of 
coli isolated by us Avas unexpected and siirprisin-r. .Jordon'' rc- 
.rarded the pathogenicity assigned to B. coli by some iin-cstigafors. 
^otable French bacteriologist.s. to lie greatly exaggerated. He regarded 
”, ‘fi-equent ascription of various inflammatory processes, pai'ticularly 
f occurring in the appendix and peritoj.enm, to the unaided aetiv- 
• • r 7? roll to be Avithout suflicieiit justifie.-ition. Itenians'" Avas able 
° et intraperitoncally 2.100 niiliion living IS. coU from a iivenly- 
to injc ill sali''c suspensions into rabbits nitli no obvious ill 
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M ECKEL’S diverticulum is a congenital anomaly whicli oeeurs in 
about 1 to 2 per cent of all pei-sons. The mucous membrane of 
the diverticulum usuallj- is of the ileal type, but may be gastric and, 
less often, duodenal, jejunal, pancreatic, or colonic. Schaetz' found 
gastric mucosa in 16 per cent of his specimens, Carlson- and Bussey^ 
in 15 per cent of specimens removed surgically at the IMayo Clinic. 
Hudson and Koplik-* found that 52 per cent of their specimens, wdiich 
were the sites of acute lesions, contained gastric mucosa. This may 
indicate that the presence of gastric mricosa is more likely to be asso- 
ciated with pathologic change than is the presence of ileal mucosa. 

Halstead” in 1902 reviewed 69 eases of intestinal obstruction secondary 
to Meckel’s diverticulum, and Deetz® in 1907 reported on an acute 
perforation at the base of a jMeckcl’s diverticulum in a boy 9 years old. 
The clinical picture of peptic ulceration of ^Meckel's diverticulum, how- 
ever, is relatively new. Cobb,' in 1936, anal.vzed 100 cases of probable 
peptic ulcer in Meckel’s diverticulum, most of which had been reported 
in the literature since 1924. In 66 cases gastric mucosa was found in 
the diverticulum on microscopic examination. In the remaining eases 
it either was not found or was not mentioned. Seventy -four per cent of 
the patients were 15 years of age or less. Eighty-one ulcers afflicted 
men, 14 afflicted women, and in 5 instances the sex of the patients was 
not slated. The ratio of the incidence of iMcckcl’s diverticulum among 
men to that among women was 2:1. Eighty per cent of the patients had 
abdominal i)ain of some type. The most frequent complication, bleed- 
ing from tlie rectum, occurred in 72 per cent of the cases. Perforation 
was found in no jier cent of the cases, either at the time of operation or 
on i)osl-inorlem examination. 


Two features repeatedly mentioned by most, investigators of the suh- 
jeel under consideration is that the lesion is situated in the region of 
ordinary inte.stinal mucosa close to the boundary of the heterotopic 
gastric mucosa of f\uulic- type and that, usuallv, a single ulcer is pivsent 
When tl.e entire pouch of the divertieubun is lined with gastric mucosa' 
tln^MM- ,s situated in the ileum close to tlie neck of the -MeekeJ’.s 
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INTRINSIC INTESTINAL OBSTRUCTION 

Report op Two Cases 

John jM. ’Waugh, M.D., Wallace E. Herrell, M.D., and 
Leo K. Crujipacker, ]\LD.,'* Rochester, SIinn. 
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M ECKEL’S diverticulum is a congenital anomaly which occurs in 
about 1 to 2 per cent of all pereons. The mucous membrane of 
the diverticulum usually is of the ileal type, but may he gastric and, 
less often, duodenal, jejunal, pancreatic, or colonic. Schaetz^ found 
gastric mucosa in 16 per cent of his specimens, Carlson- and Bussey^ 
in 15 per cent of specimens removed surgically at the Mayo Clinic. 
Hudson and Koplik^ found that 52 per cent of their specimens, which 
were the sites of acute lesions, contained gastric mucosa. This may 
indicate that the presence of gastric mucosa is more likely to he asso- 
ciated with pathologic change than is the presence of ileal mucosa. 

Halstead’ in 1902 reviewed 69 cases of intestinal obstruction secondary 
to Meckel’s diverticulum, and Deetz’ in 1907 reported on an acute 
perforation at the base of a Meckel's diverticulum in a boy 9 years old. 
The clinical picture of peptic ulceration of jMeckel 's diverticulum, how- 
ever, is relatively new. Cobb," in 1936, analyzed 100 eases of probable 
peptic ulcer in jMeckel ’s diverticulum, most of which had been reported 
in the literature since 1924. In 66 cases gastric mucosa was foimd in 
the diverticulum on microscopic examination. In the x’emaining cases 
it either was not found or was not mentioned. Seventy -four per cent of 
the patients were 15 yeai’s of age or less. Eighty-one ulcers afflicted 
men, 14 iiffliclcd women, and in 5 instances the sex of tlie patients was 
not stated. The ratio of the incidence of jMeckel ’s diverticulum among 
men to tliut among women was 2 ;1. Eighty per cent of the patients had 
abdominal ])ain of some tyjxe. The most frequent complication, bleed- 
ing from the rectum, occurred in 72 per cent of the cases. Perforation 
vas found in 55 per cent of the cases, citlier at the time of operation or 
on post-mortem examination. 

Two features repeatedly mentioned by most investigators of the sub- 
ject under consideration is that the lesion is situated in the region of 
oulinary intestinal mucosa close to the boundary of the heterotopie 
gastric mucosa of fundic type and that, usuall.v, a single ulcer is present. 

\ hen the entire imueh of the di\ertieulum is lined \sith gastric mucosa. 

’'’Lmted in the ileum close to tlie neck of the Meckel’s 
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diverticulum. Tlie macroscopic and microscopic pictures resemble tliose 
of t 3 ’pical, chronic gastric and duodenal ulcers. 

Analj’sis of secretion of the hetei'otopic gasti’ic mucous membrane 
obtained from an open umbilical fistula by Tillmanns, Le.xer, Deimce, 
Rosthorn, Stone, and A. L. Tajdor® proved that it contained both pepsin 
and hj^droehloric acid. Lindau and Wulff® expressed the belief tlmt 
the oecuiTence of ulcers in Meckel’s diverticulum lends support to (be 
theoi\v of the biochemical origin of peptic ulcer. 

As previouslj^ stated, most of these ulcers produced either bleeding or 
some type of abdominal pain, Avith or Avithout sj'mptoms and signs of 
peritonitis caused by perforation. Jn the cases which are to be presented 
herein the scarring of the chronic peptic ulcers had, hoAvever, so nar- 
roAved the ileum that partial obstruction had occurred, and Ave belicA'c it 
was this partial obstruction Avhich AAms causing the recurrent abdominal 
pain associated Avith Ammiting in the first case and the colicky pain in 
the second. 

On the basis of study of the eases reported b}' Halstead and Cobb and 
a revicAv of the eases Avhich have appeared in the literature, avc have 
been unable to find any instance in Avhich a peptic ulcer in a kleckel’s 
diverticulum caused scarring and resultant intrinsic partial or complete 
intestinal obstruction. Reported cases in Avhich the eondition has been 
associated Avith intestinal obstruction have shoAvn that such obstruction 
Avas of the extrinsic t.vpe. BroAvn and Pemberton’® reported 2 cases in 
AA'hieh an ileae ulcer Avas situated at the mouth of a Meckel’s diA-erlicu- 
lum. In both eases gross and occult blood Avas found in the .stools and 
in both there Avere annular lesions causing obstruction Avhich a])parcnll.v 
Avere similar to the lesion in our cases. BroAVJi and Pembci’ton Ibongbt 
the Meckel’s diA'ertieula in their 2 ca.ses Avere incidental and chose to 
call the ulcers “solitarv ulcer of the ileum” because the Meekei’s 
diverticula contained ileae muco.sa and hecau.se tiwiv was no evidence 
of gastric mAicosa. Cobb, as well as Bi-oaa’ji and Pemberton, has called 
attention to the pre.senee of an ulcer in or near a jMeckel's diverticulum 
ill AA'hieh no gastric mucosa ii-as demonstrable, and also to the absence of 
such ulceration in certain cases in Avhicli gastric muco.sa aa'Cs prc.sent. 
The former condition is difficult to explain, but the latter is no moi-e so 
than is the e.xplanation of the absence of peptic ulcer in the duodenum of 
most persons. 

RrcnoiiT or ca.sks 


CASr 1 — The patient, a mnrried yrntn old, registc/ed at flic Mn.vi) 

CV ■ oil Sept. 4, eomplaining of nlidoininal cramp' of ten yi-arii' duration. 

^ '"I'o-’s' lit the age of Vd years, she find fi.ad oeca.sionnt attaetes of eraniplikc 
tlie lower jiart of tlie alidonien, nliieh e.xtended into Iiolli liiiolmr re- 
pain acro.“s 1 ^ j,.f, {(.j, j,p,;aiiie .“tiff with each nitaek, .‘••omeliiiie-' 

cions, am si ■ • j,., and vomiting. In If:'.:'., in the eoiirse 

the-'O atfnc s w ‘ performed eN'where, tlie nppeiidix liad liecn removed, 

of an expleui on ^pnendix w.i"* not the eaii“c of her rondition. 

but the patient was fot' 
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In 1935 attacks had occurred about once a month; fecal Tonutmg had been asso 
ciated 'With one attack. These attacks had persisted, and m 1937 another explora 
tory operation had been performed, but nothing abnormal had been found. 

The patient had consulted many physicians. Her condition had been diagnosed 
as “colitis,” “adhesions” and “functional colon.” The disability had progressed, 
honever, so that at the time of the patient’s admission to the Clinic she nas ex- 
periencing almost constant abdominal pain which could be relieved only by the 
liypodermie injection of morphine sulfate. For many years she had taken laxatiie 
agents frequently' to relieie constipation. There was no history' of bloody or tarry 
stools. Menses, whicli had begun when the patient was 13 years of age, had been 
regular until June, 193S, and since that time had been eight to ten days late. 

On piiysical examination at the clinic the patient appeared to be constitutionally' 
inferior. The abdomen was not distended, but pelvic examination revealed that the 
left Fallopian tube and ovary were slightly enlarged and tender. 

Eesults of routine laboratory examinations, consisting of urinalysis, leucocyte 
counts, determination of sedimentation rate and of blood urea, study of smears 
of the blood and a flocculation test, were normal or within the range of normal. 
The value for hemoglobin was 10 6m. per 100 cc of blood; erythrocytes numbered 
4,040,000 per cubic millimeter; and roentgenograms of the thorax revealed nothing 
abnormal. 

An exploratory operation was advised, but no assurance of relief was given. 
Accordingly, on Sept. 7, 1938, the abdomen was opened by one of us ( J. M. M .) 
through a low midhne incision. A hydrosalpinx of the left tube was found and 
left salpingectomy was performed. This lesion was not felt to be tlie source of 
the trouble, however. On further exploration a Meckel's diverticulum was found 
about 00 cm. (2 feet) from the ileocecal valve, which measured 5 cm. in diameter 
and was greatly thickened and hypertrophied. The lumen of the small intestine 
above the diverticulum was dilated to about two times normal size and the wall 
was thickened and hypertrophied. Below the diverticulum the small intestine was 
collapsed. At the junction of the distal portion of the ileum with the diverticulum 
a chronic penetrating typo of ulcer was encountered The lumen of the intestine 
at this point would not admit the tip of the gloved fifth finger The diverticulum 
and the adjacent portion of the small bowel were removed. Intestinal continuity 
was re established by closure of both ends and the making of a side to side annsto 
mosis A Witrel typo of enterostomy was performed above the anastomosis as a 
safety measure The enterostomy tube was brought to the outside through a stab 
wound in the right lower quadr.mt of the abdomen 

The pitient made an uneventful convalescence, except for the development of a 
small ubsiess m the abdominal wall. This subsided after incision and drainage. 
The enterostomy tube was removed on the sixteenth postoperative day and the patient 
was dismissed from the Clinic on Oct. 12, 1018, about a avoatU after operation. 
At tins tune she was free from all pam and a recent eommunication revealed that 
she hud had no reeiirreiuc of the symptoms which slm had experienced prior to 
operation. 


The pithologist who studied the s,Hseimen lemoved at operation reported that a 
lUroiuc penetrating lyi»" of uWer u,,., s, tinted at the lumtion of the disf.al portion 
of lie 1C imicos, u.th the Me.k.lV divert., ulum, and that heterotopic gastric nmeos.a 
was present in the d.vert.u.lum (F,. 1 „ t,,, ,,,.,erotopic g-vstr,r mucosa 

was of the fundic type -md < ontnmed many pirietal. acid secreting cells. 


'^i'" "I" ^ "’in IS y, irs who was first seen at the Clinic 

m _ , .1 vv lie 1 imi a , „i milier rhnrai teri«tic history Roontgenologir eii- 
dence of a duodena! uher w„), cons.d, ralde , 1 , fw^iity of the dumlenum had been 
mitid. Following tin died treatment he l.« i i i 

, , , 'm had respondcl s ,t,sfa, torilv and had m 

mamed m good In alth until two months ti . .. t.. i i ‘ ' ^ 

numiiis Imfore the admission which pnrnanlv con 
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Z W3G P admission of this patient to the clinic nas on Sept, 

iomin 't fr\"“ «‘1'«i«sion he had been experiencm. loim 

Lte ilt l •" «o'ae tendency to be more severe 

ind Sst S r Some degree of anorexia and inncli gaseous 

ndigestion n-hich nas relieved by alkalies had been present. Tnenty-f our hours 

before admission the pains bad been seve.e enough to necessitate the patient’s 
sitting up in a chan all night, and he had obtained some relief after an enema. 



j ( ’Or-nr .nt thf jimclkiti of tin .list il portion of tlic lime 

niueosi ami ’ ami oosin, y ij l /- .\tropliie Biistrie miicos i. 

fimilic t>po ■ ' ■ 


At the time of the patient’s admission to the hospit.il there was ibiinal ami 
I -sivil eiidenie of subainte intestinal obstnn tiiiu Results of i ompicic examination 
f' the blood imdmling crxlhrm'xle and leinoi ite loiinfs. and ih•ternllm^(lons of 
<t1 I'll lire.! (hlorides. and earbiin dioxnle combining power, all wen- iiegitne. 
heinogoji ' . ’ exaniiii.itioii of the thorax were iiegatiie. .V plain r.smt 

Resu so .[Ii.lomeii revealed ronsiderable dilitation of tlie left half of ttie 

genogram o [,ortion“ of the lolon. although a rcsTifg.mograia of tie 

transverse am < "■ Ifo. ntgenologo- .xamirntion made after the 

colon diselosed notmi'e •' 
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patient liad taken a barium meal sliowc'l the presence of an obstructing lesion 
within approximately .'Kl inches (76 cm.) of the ileocecal valve. It was visualized 
on the right side at about the level of the fourth lumbar vertebra. In view of 
these observations a diagnosis of subacute intestinal obstruction was made, with 
the possibility in mind that a malignant process might involve the lower portion 
of the ileum. 

On Oct. S), one neck after admi.ssion, this patient underwent surgic.al c.vploration 
for the obstructing lesion in the lower part of the ileum. Tlie operation was per- 
formed by Dr. J. dcJ. Pemberton of the surgical staff. A lesion was found in the 
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lower portion of the ileum which was producing rather marked obstruction. Huge 
dilatation of that part of the bowel proximal to the lesion was observed. It was 
not possible definitely to identify the character of the obstructive process, but it 
seemed to be a narrow tumor somewhat similar in shape to a napkin ring, involving 
the ileum with an e.xtensive inflammatory reaction in the tissue around it. Lateral 
anastomosis was done; no attempt was made to remove the lesion. The patient 
made an uneventful convalescence, and on Nov. 3 a secondary operation was per- 
formed and further surgical exploration was carried out. Arising from the bowel 
at a point distal to the site of the previous anastomosis at right angles was a 
Meckel’s diverticulum which ivas about 1% inches (about 3.5 cm.) in diameter and 
3 inches (about 8 cm.) long. The Meckel’s diverticulum was adherent posteriorly 
to the bow'el. It contained an ulcerating lesion and was producing obstruction. The 
diverticulum was removed, and the stump was turned in with three rows of chromic 
catgut sutures and one row of silk sutures. The patient made an uneventful re- 
covery and has remained in excellent health to the time of this report. 

Microscopic examination of tissue from the ulcerating lesion as shown in Hig. 
2a and examination of the glandular elements contained in the mucosa which lined 
the diverticulum in the region of the ulcer showed typical gastric-type glands which 
contained many parietal cells (Fig. 26). Rather marked associated diverticulitis 
and peridiverticulitis had been present. 


COJIMENT 


In both of these cases it would appear, after careful gross and micro- 
scopic examination of the specimens removed at operation, that intrinsic 
intestinal obstruction liad developed in tlie ileum as a result of the 
inflammatory reaction associated with active ulceration, similar to tlmt 
of peptic ulcers, in or near a Jleckel ’s diverticulum wliich was found to 
contain gastric mucosa with typical parietal cells. This tj’pe of ob- 
struction, since it is of an intrinsic nature, is similar to that occurring 
in the duodenum secondary to peptic ulceration. This type of obstnm 
tion is distinct from that usually associated with a complicated Mcclvd'.s 
diverticulum, which is of an extrinsic or mechanical nature and which 
results from the formation of adhesions and inflammatory exudate about 
a Meckel's diverticulum which has perforated, with the suh.sof(uent oc- 


currence of peritonitis. 

Halstead in 1902 carefully analyzed and classified the types of in- 
testinal ob.struction which result from Meckel’s diverticulum, but in the 
69 cases of such obstruction he collected from the literature, he found 
none of an intrinsic nature. Not until some time after his report was it 
appreciated that frequently the ulcers occasionally present in Meckel’s 
diverticula arc similar to peptic ulcers. Although none of the cases 
which formed the basis of Halstead’s report were similar to tlie 2 we 
have presented, he included in his classification a group which would 
include intrinsic intc.stinal obstruction cau.sed by peptic ulcer in a 
Meckel’s diverticulum, although he did not mention the complication 
t’ ulcer “Chronic inflammation of the divcrficulnm and of the 
of pep ic • intestine, with cicatricial narrowing of the gut 

adjacen po 1 ,^ the cause of obstruction. This may 

just above attached diverticula. The diverticulum becomes 
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filled with fecal matter or conei'etions, and the resulting inflammation 
extends to the intestine, ulceration and cicatrization follow, and obstruc- 
tion finally develops. ’ ’ 

The fact that peptic ulceration in or near a Meckel’s diverticulum may 
result in hemorrhage, penetration, or perforation with secondary ex- 
trinsic obstruction has been observed not infrequently in recent years. 
We believe that the 2 cases reported herein are the first reported in 
which proved peptic ulcer in Meckel ’s diverticulum resulted in intrinsic 
intestinal obstruction. 
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CHYLOTHOEAX AND CHATjOPERITONEUJI 

Effects of Eeintroductiok of Aspirated Chyee 

James JIaxwele Little, PhJD., Wixstox-Salem, N. C., 
CarringtOxV Harrison, M.D., Nashville, Tenn., and 
Alfred Blalock, liLD., Baltuiork, aiD. 

(From ihe Dcpartmenis of Biorhcmistrij and Snryery of VandcrVilt Uttivenih/, 

Xasln-UIe. Triiii.J 

A PPEQXIMATELY 50 cases of traumatic and 100 cases of noii- 
traumatic chylotliorax have been roiiorted in tlic literature. No 
attempt will be made to review these reports. Tlic nontraumatic ones 
were reviewed very adequately by Yatcr* in 1935. ^Yc arc in the 
peculiar position in the present report in not knowing: whetlier the chylo- 
thorax and ehyloperitoneum were traumatic or nontraumatic in origin. 
The history of in,iury suggests trauma as the etiologieal agent, but tiie 
findings are indicative of a nontraumatic basis. The case is reported not 
because of the rarity of tlie condition but because of the In'zarre asso- 
ciated findings, because the effects of rcintrodueing intravenously some 
of the aspirated chyle were determined, and because many ciiemical 
studies of interest were carried out. No previous patient lias been given 
such large quantities of chyle. BauersfekP reported the effects of the 
intravenous injection of 1,200 e.c. of chyle. 


CLINICAL COURSE OF PATIENT 


E. G., a married ivliito female, 17 years of age, WJi.s admitted lo llie Vaadcrldlt 
Hospital on Doc. 3, 1030. The patient stated that she ivas in good hcaltli until 
tuo and one-half months prior to ndiiii.ssion when in an aiitoinohile accident f-lio 
iras throivn clear of the car. She was sible lo walk after the accident, hut a few 
minutes mhsequently jiain was experienced in the left shoulder and left supra- 
clavicular region. l?esj)iratory and shoulder movements were without influence on 
tlie pain. This pain subsided after about four d/iys. It sliould be statei! at this 
time that the husband of the patient was of the opinion that there had been a 
moderate increase in the sire of her abdomen prior to the a<'eidenl. 

Two weeks following her injury, the patient hail tin attack of tonsillitis uliich 
subsided in a few d.ay.s. There were no further complaints for the ne.\t tivo necks, 
It the end of which time a tender swelling about the si/e of a hen’s egg npi.earcd 
in the left supraclavicular region. Thi.- .suelling persisted for a neck. Five week- 
she noticed that she nas breathing faster and tliiil deep in- 
diflicult. A moderate amount of pain in the chest ami left 
m "as e.vperienced. Three "ceks before admission, or se\en 
accident, it was noted that the abdomen uas increa-ing in si/e 
.l.Aned of ti feeling of fullness and of dy.spnea. Her fnmily 
and the patient '^”^9 I 1 .5(in r.e. of milky fltiiil "ere removed from tie- left 

physician wa? rejeTit.-d on three <,ther oeca-ions prior l« ad- 

pleural cavity. • in a iliminntifin in her 4y<pn<':i niif! 

mission, and each nspirati ' 


prior to admission, 
ppirhtion was more 

jnprnclfivicular ropi 
weeks following the 


■^ped for pe.blicati.m. .lun- 


lit. If II- 
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Examination on Deo. Z, ]9:!9, sliowcd the patient to be well developcil and fiurly 
well nourislied, altliougli tlicre was sliglit xvasting of tlie extremities. The weight 
of the patient was 150 pounds and she stated that this rvas 10 pounds greater than 
lier average. There were no scans or abnormal masses in the neck. Eespiratory 
excursions of the left chest were diminished and the findings on palpation and 
percussion indicated the presence of a great deal of fluid in the left pleural cavity. 
Xo abnormalities of the right side of the chest were noted. There was marked 
abdominal distention and signs indicative of much free fluid were elicited. There 
were no palpable abdominal masses, no tenderness, and no muscular rigidity. Pelvic 
and rectal examinations were negative. In the lower dorsal, sacral, and lumbar 
regions, there was moderate pitting edema which was probably due to the extrav- 
asation of chyle at the site of one of the pleural taps. The temperature was nor- 
mal, the white blood cell count was 5,S00, and the urine and stools showed no 
abnormality. The specific gravity of tlic urine was 1.026. The supravital differen- 
tial count of the blood revealed 70.5 per cent polymorphonuclears, 16.5 per cent 
lymphocytes, and 13 per cent monocytes. The venous pressure was 225 mm, water 
by the Lyons-Kcnnedy-Burwcllv technique. Tliis is a moderate but not necessarily 
a significant elevation. Fluoroscopic and x-ray examinations of the heart, lungs, 
ribs, spine, clavicles, and the gastrointe.stinal tract showed no abnormalities except 
for tlie presence of fluid in the peritoneal and left pleural cavities. 

Milky fluid was aspirated from both the left pleural cavity and the peritoneal 
cavity, and analyses, which will he considered subsequently, .showed it to be chyle. 
Therapy consisted in the main of placing the patient on a fat-free diet, of aspirat- 
ing freq\icntly part of the chyle from the pleural and peritoneal cavities, and of 
introducing intravenously part of that which was obtained from the pleural cavitv*. 
This hitter procedure was performed by the use of a closed .system, consisting of 
two needles, ruhher tubing, a three-way stopcock and a syringe, the cliyle being 
aspirated from the chest and then immediately injected intravenously. Usually 
the jiatient hud chilly sensations with vague feelings of discomfort following the 
introduction of chyle, hut there were no severe reactions. 

From Dee. .3 to Fob. S, approximately nine weeks, the patient was on a fat-free 
diet which, liy calculation, contained less than 5 Gm. of fat per day. During the 
succeeding ueck. she was on a low-fat diet which contained approximately 40 Gm. 
of fat per day. During tliis period of ten weeks, 29,730 c.c. of chyle wore removed 
from the peritonenl e.avity, 16,060 c.c. of chyle removed from the left pleural cav-ity 
ami 11 , 3s.", c.c. removed from the ehest wore injected intravenously. IVliile the patient 
Mas on a fat-free or a hiw-fut diet, there was a marked decrease in the total lipid 
<-onccatratiim of tlie chylous fluid. The diet, however, did not cause a cessation 
of the aceumulation of fluid, and after Feb, 1.5, the patient received the usual 
hospital diet calculated to yield 3,000 calories. This alteration in the diet resulted 


III a sharp and marked increase in the total lipid concentration of the fluid. 

It was deciiltol that an exploration of the thoracic duct was indicated and this 
was performed on Feb. 2'', 1010. .\n incision was made in the left supraclavicular 
region. Ill the region of the junction of the internal jugular and suWhavian veins, 
there were siwcnil large lymiili >cs-.cls which contained chyle and the lymph nodes 
were hirgt>, s|)f|. and white in color. Xo injury to the lymph channels was demon- 
sfnited. Several of the lymph ehannels were partially thrombosed. The internal 


jiignlar vein was a thick cord, the himen la>ing entirely ocrhided bv a thrombus-. 
The snlK-Iavinu vein wns not oiHstied. but its walls ap 5 .eare.l to l,c thickened. Be- 
fore liaving determined that vcninis thrmiihosis was present, several of the dilated 
Ijitiph dints Were ligated. The im-isiun was eloped without drainage. 

lour days f<,!(„wing the operation, the patient eomplained of numbness nnd 
tingling of both f.vt and lower legs. The feet felt cold and apiK-ared pale. Bub 
satmns rouM mu 1.. f.-U oier the fenmnd. iKipliteal, posterior tibial. nnd dorsalis 
js-dis arteries „{ ts.ili lower i-\treiiiities. The rendition of the legs and feet tariml 
from lime ^ tune. Pnl-.ntimis were Jire-.‘nt at time, and absent ..,t ethers <;i,e 


^ *H V )'rf (O fv’ A X A XI ) ril V I ; I> i: |{ I T( »X E I ’M 

Imticih or III iN'iitoorr-iiiiN or .\‘-rii!\Trii (’ii\i.i: 

.IvMi^s .Mwuiti, I,mi.r., I’n.l).. \ViNsioN.S\t.i;M, X. 
t ' aiiiiinciIov II\J!itiM)N, M.l)., X ii,i,r. Ti.sn’., and 
A i.riMD Mi. MOCK. M.l)., I’.M.niMoitr. Md. 

(}f»n thi nf llmi l,i r>i<trti and Siirt/i ru of I'oiidt rhilt I'nii / r'olii. 

.ViJ'/iiW/#, T*nn.} 

A. lM’UOXI.M.\'ri';ijY TiO ciiM's of li;i)ii));itic ;u)r] lOf) rvisrs of non- 
tiiumiiilif (‘li\ loliidi ji\ l)c<‘ii ri'jtoi li‘(l iii tlw* litenitiiu'. Xo 
iittriupt will he inatli' to irvicw IIksc iriiorls. The iioiitniumatic oiios 
W('U' I I’vii’Wcii very iul('<|iiiit(‘ly by ^jitrr’ in Ittlbl. We are in the 
})cciilijir [lovition in the picMOit icporl in not know iinr whether the cliylo- 
tliorax and ehylojiei itoni'uin were traiunatii' or nontranmatie in oriuin. 
The history of injury sin;i;est.s lianina as the etiolojiical at:ent. but the 
rindinps are indie.itive of a nontrauinatie basis-. The ease is reported not 
beeause of the raiity of the eondition but beeausc of the biziirrc asso- 
(‘iatod fuidinits. beeause the eflVels of reintrodueiinr intravenously .some 
of the aspirated ehyh' were determined, and beeause nian.v chemical 
studies of interest were carried out. Xo ])revious i^atient has been Riven 
.such bn’RO (|uantities of eliyle. Ibiuensfeld- reported the eft’eets of the 
intiavenous inject ion of 1.200 e.e. of ehyle. 


CI.INICM. COI’Ksi; or I'A'riKNT 


J'. G., n married wliite ffiimlc, 17 jours of ago. was admitted to tlic A'aiidcrbdt 
Hosj)itaI on Dee. lil.'!'*. Tlie [iitient stateil that =hc was in good liealt/i until 
two and one lialf montlis prior to admission when in an aiitomohile aceident “iic 
was tlirown elear of tlie ear. Slie was aide to walk after the aeeident, but a few 
minutes Milise([iifiifh pain was experieiaed in the left shoulder and left supra- 
(daiieiilar region. Itespiralorj and sluiiiMor moicmenfs were without influence on 
the pain. This pain snlisideil after about four dajs It sboiild be stateil at tins 
lime that tlie InisbiOid of the iiatient was of the opinion that there bad been a 
moderate increase in the sire of her abdomen piior to the amdent. 


in 
prior 


Two weeks following her in.iurj, the patient had an attack of toiisilhfif. which 
subsided in a few da.is. There weie no furthei comidaints for the next two weeks, 
at the end of which time a tender swelling .about the size of a ben\ egg appeared 
■ the left supraclniienkar region. This swelling persi.sfed for a week. Fne weeks 
to admission she noticed that she was breathing fastoi and that deep in 
iration was more diflieult. A mode, ate amount of pain m tlie chest and left 
rpirion was cxperieiiecd. Three weeks before admission, or seien 
Siiprac auci . ^ j,„.]je„t it was noted that the abdomen was increasing in sire 

weeks following tl.e " ^ f, Her familj 

anO the patient conil cc of milky fluid nere remoAccl from the left 

phjsieian ’„as repeated on three other occasions prior to ad 

pleural catitj-. ^ resulted m a diminution in her djspnoa and discomfort, 

to. tnibbcation. June tG, 
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Tabi-e I 


KKf ORD or TnoB.\cEXTESis. PaE-vce>-tesis, and Intravenous Chyee Injection- 



Table II 

r ■o.vcENTn iTJoN or Eiriics in Flcip Fboji Tkohax (Mo. (^ ) 

































KPi!fii:nv 


.1!H 


(,r inti.n-.. i.uli, niMM .,f il,,. tiiiu'. Tlicr.- vii. n ^!oK imi.row.m.'iit, but 
iti.lnir.M „f iinpuiriiiint of cir.-iilntioit of tlio rxtroiiiitic^ J.orsiMcl. It tsto.’ our 
iiuiirc<'iou thill till' iliitiirlniii-f ooiiiiitod of iirt“ritil npu^m .•■ccoHdiiry to throm- 
bfililih'bUi-i. Oil roMTiil iiriui«ioiis tlioro wiim u Ickj (•^id(>nt abnoruinlity of llic 
i-irnitiitinu of tlm tiriii». In toblition, there ttn'i nhfit iipjeuire*! to be n lbraiDbo-<e(I 
\i‘in ut tlu' iimbilietH. 

Ibe iiiiiiiitilie' of rliyb' tliiit were iiijiirnteil ami reintrotliiecd up fo JVb. I.j, the 
time Ilf nbieh the (ut free diet wni teriiiifiated, btue been emimeratcd. from Feb. 
15 until tier diHilmrue from tlie bo-pttnl on .lime I.",, a period of four inontb“, 10S,30() 
e.e. of eliile were renioied from the tibdoiniiinl entity, l,'r,,ono e.e. from the left 
IileurnI rntily, nnd of thi-' biller nmoiint, 11,100 e.e. were fjiien iritrntenouuly. From 
Miireh 10 to 17. heparin \mi« iidiuiniitered intratenonsly by the eoutinuoiii method, 
the eloltins: time liein;; imiintained at iipprovimntely twenty minute-. Tlie clottiuR 
time on n previous examination wn- O.-'i minutes. The heparin was giten with the 
hope that eanali/ntion of thrmnbo«ed xein- wonbl oeeiir. No evidenee of improve- 
ment resulted. No ehyle wa- injeeted intra\onou«ly after April I.". Ken-on.s for 
.stoppiii}: the iiijeetion of eliyle were that there was no apjiarent elinic.al improve- 
ment and that it l«‘eame uliuost impo-silde to lind a patent vein, i’urthcrmore, 
the rpie.stion nro-e ns to whether or not the diris't introduction of chyle into the 
blood rtream mit;ht not be eaii'injc ndditioniil thrombo-!s. 

As has been Mated, tlie patient wa“ ibVelinrRed from tlie hospital on June Id, 
11' 10. Her cnmlition wa» less .satisfactory than at the time of her admi.sfion more 
than six months previously. The extromitie.s niul face had become markedly emaci- 
ated. Cliyle continued to aecumulate, at lca«t in the peritoneal entity, ns rapidly 
a« at the onset. Tliere was still evidence of disturbance of circulation of the legs 
and she frequently complained of pain. 

It has now been almost a your sinee the jiaticat returned to her home. Her 
condition has not changed markedly during this time, ftho is able to be up for 
short periods but tires very easily. Fluid has continued to iieeumulatc in the peri- 
toneal cavity from whieli it i« remoted once or twice weekly. The avorngc quantity 
removed per day has been l liter. During tlio tijiproximatcly ciglitceu mouths that 
the patient lias been ill, more timn ."iflO litcr.s of chyle have been removed from the 
jdeurni nml jieritoneal cavitic-'. 


cniiMiCAb sTunrE-s; 


In view of the probable distm-baiiccs in lipid metabolism and plasma 
protein concentrations entailed b.v the loss of chyle rich in lipid and 
containing a moderate quantity of protein, a rather e.\'tensive clienuea! 
investigation of the chyle and plasma was undertaken. 

In obtaining flie data reported here, all lipid determinations were 
made using the procedure of Kirk, Page and I^an Slyke^ witli the follow- 
ino- modifications: (a) extraction of lipids at room temperature as given 
1 ^Boyd-'^ (h) substitution of O.IS c.c. of saturated aqueous solution of 
sJdinm I’lydroxide plus 2 c.c. of ethyl alcohol for the procedure given 
1 T''rk and co-workers for the saponification of total cholesterol; and 
7^) subsaution of the procedure of Man« for the evaporation of the 
\ I 1 extract prior to extraction with petroleum ether. The 

a coho -e values are too high and may be corrected^ by 

observed 1 proteins and albumin were determined 

innllipb'ing J • ' .rr-„,p'c method.® The detei'minations of colloidal 
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Table IV 


COKCESTUATIOK OK LlPIOS IK I’lASMA (JiG. %) 


■ 

TREE 

CitOhES- 

TEROEa 

ESTER!' 

nED 

CHOLES- 

TEROL 

RATIO or 
ESTERI- 
FIEO TO 
FREE 
CHOLES- 
TEROh 

EIPIO 

PHOS- 

pHoi:r.s 

PHOS- 

PHA- 

TIDE 

TOTAL 

LIPIB 

CARBOX 

X-ECTRAL 

FAT 

TOTAL 

LIP* 

IX>S 

12/ !•/;«• 

48 

121 

2.52 

5.1 

120 

419 

173 

545 

12/2S/39 

44 

137 

3.11 

6.2 

144 

426 

135 

555 

1/ 8/40 

40 

129 

2.S1 

4.2 

98 


152 

514 

1/19/40 

43 

101 

2.41 


148 


153 

514 

1/30/40 

44 

11.3 

2.57 


185 


156 

570 

2/14/40 

42 

108 

2.57 

2.6 

KiB 

oi>y 

176 

402 

2/21/40 

5.3 

113 

9A?» 

6.0 


450 

200 

590 

.'1/19/40 

48 

127 

2.05 


Bb 

389 

103 

498 

4/ 1/40* 

5-i 

169 

.3,13 


Bfl 

470 

181 

59S 

4/ 1/401 

40 

12S 

2.7S 

9.G 

226 

1,328 

1,268 

1,756 

4/ l/40t 

54 

US 

2,19 

6.5 

152 

447 

181 

5S7 


*Drn\vn junt before injection of chyje. 

tl>m\vn Ininjedlately after injection of 1.000 c-c. of chyle. 
^Dra\Yn "iV.* honrs after inJ»s:tion of chyle. 


Tlic data obtained for total protein, albumin, and osmotic pressure 
will be found in Tables V, VI, and VII. There is no significant differ- 
enee in the iirotein concentration of fluid from the thorax and that from 
the peritoneum. The average concentration in the former was 3.16 
jier cent and in the latter 3.08 per cent. The albumin-globulin ratios 
were finite variable, but with one exception they are always above 1.5. 
None of the variations in diet bad an effect upon tlic concentration of 
protein in the fluids. Tiie re.sult.s obtained for serum pi’otcins are of 
interest, in that in spite of a moderately high protein diet (75 to SO 
fJm. per day) njid continual injection of chyle the serum proteins and 
scrum colloidal osmotic pressure progressively decreased. Both were 
('ortainly approaebing a critical level. This decrca.se mu.st be attributed 
to the enormous loss of protein in tiie ebylc which was removed but 
not returned to the eirculation. 


TAni.K V 


I’liiiTEiK Ijata ok Fi.vin Fkom TiionAX 


IiaTK. 


le/ 

iiV ;</:«• 

ic/rv";' 

l/l!'/(ft 

■_V l/ i(i 

r/cG/iii 

r>/ .'/SM 

."/rs/'i" 

4-' )/.)» 


TOTAL 

I’ROTEIN 

ALBCMIK 

\c 

r.I/JBCLlX 

rc 

a/g 

RATIO 

Ti.r.s 

2.11 

1.27 

1.00 

.3.48 

2.08 

1.40 

1,49 


2..3I 

0.91 

2.54 

.3.11 

1.90 

1.21 

1.57 

2,78 

2.17 

O.CI 

3.56 

n.ia 

2.04 

1.00 

1 h!' 

r».o2 

1.91 

1.11 

1.72 



O.S6 

2.10 


2.6.3 

1.92 

1.-37 

r..(o 

1..3.". 

1.85 

0.8! 

2.O.*. 

i..sr 


10.39 


O.S.MOTIC 

ri:Es.srr.E 
mn-ERMiKED 
MM. n.o 


lie 

100 






























sni(;i:ity 




1 mm 1 iiltli' 1 it will In- sccii llml over it iicrimi of ;i[)|)niximfil(>Iv six 
moiillis 1S(I.:!()() c.c. of cliyloits ttiiiil wiMv rcmdvcd frum the llinrax ami 
l>('i ittnuMtm, wliilc li'J.adO (•.(•. wfn* rclurin'd liy intravenous' injection. 
1 lie lijiid (list I'iiiiil ion in .samples of these /inirls (Jiau'n at various firaes 
is fduinl in Tallies II and III. As stated jii'evimisly, from Dee. 3 until 


T.mim: DI 


III I.ii'ins IN fi.i'ni I'laiM 1 ’h:itiini'.I'm (.Mu. '/r) 


t'\TK 

ntn: 

Cllil. 

U KTI’J'.ltl. 

>sTi r.i- 

i 

n*r:oL 

or 

: sT! Ill* 

ni i> 

TO r. 

riioijs- 

Tri’.oL 

UIMI» 

riioitfs 

I-IIOM- 

!‘HA- 

TOTAI, 

lariP 

CAlillON* 

.vrrrr w, 

KAT 

TOTAIi 

LIP- 

IDS 

iLV .-i/a'.i 

I'ii 

■i:: 

ns7 

i;.7 

■QM 

S‘JS 

!*2(; 

l,ns,-, 

v.vi.i/::!i 

HI 

1 :: 

H.ICi 

1.1 


::7S 


■10 1 

1L’/ai/;!!l 

•Dl 

•to 

1.S2 



::tfi 

r.M 

■l.-)0 

1 / 1 : 1 / m 

.iT 

.'id 

1.17 

l.n 

01 

019 

Ofl.l 

■SIS 

LV l/ iO 


■IS 


0 0 

.-)l 

■ISO 

■1S7 

012 

H/ t!/-l(l 

HO 


l.SO 

:t.i 

7?> 

5SS 

021 

77 s 

iYir,/-uv 

•JT 

■17 

1.7-1 

ti.H 

TJH 

1.110 

l.H.IO 

I,I7-S 

.V 0/10 

HO 

■I'.i 

H.I.'i 

o.r» 

i.ir, 

2 .:: 10 

2..S0.'', 

.I.O-'jO 


•Dniwn ufKT TiOo <\r. of cromn won* uivtn to jMikni. 


Iml). S, the patient was on a fat-free diet, which, by calculation, con- 
tained le.ss than a (im. of fat iier day; and from Feb. S to lo .she was 
on a low-fat diet which contained ajiiiro.ximately 40 Oin. of fat per day. 
After Feb. I'l the patient received the usual hosjiital diet calculated to 
yield 3,000 calorie.s. AVhilc the jialient was on a fat-free and low-fat 
diet tliei'C was a marked decrease in the total lijiid concentration of tlie 
chylous fluids. This decrease was due lar£rely to the neutral fat fraction, 
since there was no consistent decrease in the other lijiid fractions. 'When 
the patient was removed from the low-fat diet there was a sharp and 
marked increa.se in the total lijiid concentration of tlic chylous fluid, 
which i.s due not only to the neutral fat but also to the phosphatide frac- 


tion. 

From the data given in Tabic IV it will be seen that the ooncenti-a- 
tion of the various jila.sma lipid fractions remained remarkably constant 
throughout the period of observation. Whether this is due to a com- 
plete lack of eirect of dietary regime, or whether it is due to the con- 
tinual augmentation of jdasma lipids by means of injections of chyle 
cannot be'^determined. If is of great interest that throughout the period 
f observation, the lipid concentrations are either only slightly below 
° • 'ithin the normal range found by Page and his associates’'* for nor- 
tiiofhcr Doint of interest is the rapid removal of lipids from 
lT d after injection of chyle. Five and one-half hours after in- 
thc moo ‘ concentration of the lipid fractions had returned 

jcction 0 e i. e.xceptiou of phosphatides which were 

to the prcinjcetion IcncI, nun 

still elevated. 
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weeks. In analyzing the histories of thirty-three patients with traumatic 
chylothorax, Shackelford and Fisher^^ found that this inten'al is most 
commonly four days but that it varied from two days to six weeks. The 
collection of chyle in both the pleural and peritoneal cavities is some- 
what against trauma as the etiological agent. The absence of a pene- 
trating wound does not exclude trauma as the cause. Slost instances 
of traumatic eliylothorax have followed ci-ushing injuries, falls from a 
height, and blows on the chest. 

The most common cause of nontraumatic chylothorax is malignancy. 
Despite a careful search, no evidence of malignancy wms found in our 
patient. The fact that she is ali%'e more than eighteen months following 
the onset of this disorder is emdenee against a metastatic tumor as a 
cause pf the blockage. Other causes of nontraumatic chylothorax in- 
clude tuberculosis and venous thrombosis. Yater^ has considered these 
and other etiological agents in detail. The findings at operation, i.e., 
tlirombosis of tlie internal jugular vein, and the subsequent disturbances 
of the circulation of the extremities which w'ere probably due to throm- 
])ophlebitis, lead us to believe that the most likely cause for the chylo- 
thorax and chyloperitoneum in our patient was multiple venous throm- 
bosis. It is possible that the thrombosis of the internal jugular vein 
was secondarj’ to traumatic rupture of the thoracic duct, but it appears 
more likely that the thrombosis was primary rather than secondary. 
This explanation is more compatible with the finding of evidence of 
tiirombosis elsewhere in the body. 

It is well known, furthermore, that the lymphatic system as well as 
the blood vascular sj’stem is abundantly supplied -svith collateral chan- 
nels. The tlioracic duct of man maj* be ligated and other Ijunph vessels 
will enlarge sufficiently to conduct the lymph to the venous system. It 
is usually impossible in dogs to cause total Ijnnph blockage by the use of 
multiple stage operations in which many lymph vessels are ligated or 
destroyed. On the other hand, Blalock, Cunningham, and Bobinson'- 
found that chylothorax developed in approximately one-half of the dogs 
and cats in which the superior vena cava was occluded by a ligature. 
If (he death of these animals was prevented by tlie aspiration of the 
chyle, usually other lymph vessels would enlarge witli tlie passage of 
lime and the chyle would be returned to the venous system. 

It is possible that the lymph of this patient possessed some properly 
which caused an injury to veins at the points of jimction of tlie Ijun- 
phntic and venous sy.stems. Furthermore, it is quite possible that the 
reinjection of chyle resulted in a greater degree of venous thrombosis 
than would have occurred otherwise. Although the observation may 
not he pcrtijient to this discussion, Johnson and Freeman”- ” noted the 
existence in dogs of a hemolytic agent in lacteal lymph and to a lesser 
extent in thoracic duct lymjJi during the absorption of incrcstcd fat. 
We found no evidence of hemolysis after the injection of chyle into the 
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It lilts lid'll Jdsuiitdl, in siiiuc iTjiorls, Hint a limitation of tlic tluid 
intalu' and dii'tary fat wotild I'cilnd- tin- formation of oliyle, but there 
has lid'll no iiuantitativc evidi'iid- to siijiporl this assnmiilion. The 
patient reported here was maintained on a fat-free diet for sixty-five 
days dttrinir which time a total of -l-IJtlfl e.e. of tliiid were witiidrnwn 
for an nverai'e of CS!) e.('. jier day. b’or a jierind of sixty-three days, 
when the patient received the reptilar hospital diet, a total of 75,700 
e.e. of tluid were withdrawn for an averam* of 1,202 e.e. per day. 'J’his 
appari'iitly siipiuirts the a.ssnmption, and there is no doubt but that the 
I'liyb' formation is affi'i'ted by a low-fat intake. However, in interpret- 
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jii"- these results another factor must be considered. During most of 
file lime when the usual diet was being given the serum colloidal osmotic 
pressure ivas much lower than during the period of a fat-free diet. 
On three occasions the venous pre.ssure was found to be 250, 262, and 
930 mm. of water. Thus there was little margin between the venous 
nressure and colloidal osmotic pressure, so that the net filtration from 
the capillaries was probably greatly increased, thereby increasing the 

volume of lymph. 

DISCUSSION 

The interval between the injury to the patient and the evidence of 
the accumulation of chyle in the pleural and peritoneal cavities was five 
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•weeks. In analyzing the histories of thirty-three patients -with traumatic 
chylothorax, Shackelford, and Pisher^*^ found that this interval is most 
commonly four days but that it varied from two days to sis weeks. The 
collection of chyle in both the pleural and peritoneal cavities is some- 
what against trauma as the etiological agent. The absence of a pene- 
trating wound does not exclude trauma as the cause. Most mstances 
of traumatic chylothorax have followed cinshing injuries, falls from a 
height, and blows on the chest. 

The most common cause of nontraumatic chylothorax is malignancy. 
Despite a careful search, no evidence of malignancy was found in our 
patient. The fact that she is alive more than eighteen months foUo'wing 
the onset of this disorder is emdenee against a metastatic tumor as a 
cause ,of the blockage. Other causes of nontraumatic chylothorax in- 
clude tuberculosis and venous thrombosis. YateP has considered these 
and other etiological agents in detail. The findings at operation, i.e., 
thrombosis of the internal jugular vein, and the subsequent disturbances 
of the circulation of the extremities which were probably due to throm- 
bophlebitis, lead us to believe that the most likely cause for the chjdo- 
thorax and ehyloperitoneum in our patient was multiple venous throm- 
bosis. It is possible that the thrombosis of the internal jugular vein 
was seeondarj" to traumatic rupture of the thoracic duct, but it appears 
more likely that the thrombosis was primary rather than secondarj*. 
This explanation is more compatible •with the finding of evidence of 
thrombosis elsewhere in the body. 

It is well known, furthermore, that the Ijunphatic system as well as 
the blood vascular system is abundantly supplied "with collateral chan- 
nels. The thoracic duct of man may be ligated and other h*mph vessels 
will enlarge sufficiently to conduct the Ijunph to the venous sj’stem. It 
is usually impossible in dogs to cause total lymph blockage by the use of 
multiple stage operations in which mans' lymph vessels are ligated or 
destroyed. On the other hand, Blalock, Cunningham, and Eobinson^- 
found that chylothorax developed in approximately one-haK of the dogs 
and cats in which the superior vena cava was occluded by a ligature. 
If the death of these animals was prevented by the aspiration of the 
chj-lc, usuall}’ other lymph vessels would enlarge with the passage of 
time and the chyle would be returned to the venous sj'stem. 

It is possible that the lymph of this patient possessed some property 
which caused an injury to veins at the points of junction of the Ij-m- 
phatic and venous .systems. Purthcrmore, it is quite possible that the 
reinjection of chyle resulted in a greater degree of venous thrombosis 
than would have occurred otherwise. Although the observation may 
not bo pertinent to this discussion, Johnson and Freeman’’’’^ noted the 
existence in dogs of a bcmolytie agent in lacteal lymph and to a lesser 
extent in thoracic duct lymph during the absorption of ingested fat. 
We found no evidence of hemolysis after the injection of chyle into the 
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Miscitliir sysM'ui of tliis piitiont. Since we Mad sonie doubts ns to llie 
iidvisaiiility of iujeelint: iutiviveuoii.sly lar^e dnantilies of elivio, Dr. 
I'liuioett Holt*' Wits eouMiltisl, juul it was ids o[iiiiioii tiint tiio iutroduc' 
tioii of tile )iiitieiit s own chyle woiilil not l»c more datifrerotis' Ilian the 
Use of cinulsitied lot provided the particle size was ] niieron or less with 
only an oeensional particle ns Inrne as ,'{ niierons. 

One may find in the litcratiiie many analyses of chylous effusions in 
which methods with varyini: tletrrees of refinement were used. The 
leports of llarrel, Street, and UeKer'* and Ifohinson and eo-workei's’” 
are the most eomplete as far as lipid iVaefions are concerned. JIarrcl 
and his eo-worlcers uive a complete lipid analy.sis of fhdds obtained 
troin the ritrlit and left jiletiral cavities and iierifoneal cavity. Jtobin.son 
and co-workers determined the lijiid fractions of fluids obljiincd from 
animals in whicli the superior vena cava had been lifjated. Cookson 
ami Sslade'"' reimrt very complete analytical data on a sample of chyle 
oi)fained from a (ml lent. 

We have found only one report in which the effect of treatment on 
the eomimsition of a chylous effusion was .studied. Schaefer''’ studied 
the effect of a fal-free diet in which the proportion of carboliydrate 
and jirotcin was varied. The fat coiitent of the chyle jiro'rressivcly 
decreased but variations of the dietary iirotein or carbohydrate pro- 
duced no consistent effects. 


Jn no previous instances have the effects of treatment (low-fat diet 
and injection of chyle) upon the chyle and serum ])roteiiis :ind u])ou 
the ])bisma iijiids been detorminod. The jdasma lijiids were maintained 
at a normal or slightly less than normal level. We were unsuecessful, 
however, in preventin<i a rather critical decrease in the scrum protein 
eonccntraliou and sermm colloidal osmotic iire.ssure hy llic treatment that 
was used. Over a iicriod of six niontlis there was a net loss of chyle of 


35S000 e.c. with an average j)ro1ein content of 3 per cent, or a net loss 
of 4f40 Gm. of protein, which is approximately 25 ttm. per day. A 
lar<'c iiereentage of tliis was albumin. i\Iadden and Whipple'"’ have 
reecntlv reviewed the source, production, and utilization of plasma 
])rolcin's. They slate tliaf normal dogs have snffieient protein reserves 
to form a f]iiantity of plasma protein one to two times tlie amount 
normallv ])resent in the circulation. Once this reserve is depleted the 
subsequent formation of plasma proteins is almost entirely dependent 
upon the quantity and quality of the dietary protein. Unfortunately 
■ 'ds of food consumption were not kept in the ease reported here, 
TTit is very probable that the protein consumption was less than 80 
/I ■) ' Tlie declining- scrum protein eoneentratioii indicates that 
Gm. dal } ■ -ivas insufficient to maintain the plasma pro- 

ri'UvSS- « "-""'o '« "■« 

tein level n containing gelatin, cystine, and tyrosine, 

effect on regeneii his co-workers to be very efficient in 
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animal experiments. The protein loss is veiy significant from the nutri- 
tional viewpoint and also in consideration of lymph production and it 
is ovir belief that it is more important in the bodily economy of the 
patient than the lipid loss. When it is realized that during her nineteen 
months of illness approximately 550 liters of chyle have been removed 
from the patient, representing a loss of approximately 16,000 6m. of 
protein, it is surprising that her downhill course has not been even 
more rapid. 

In reviewing our experience with this patient, it is evident that at 
least the following factoi's are in need of further study: (a) the effect 
of the dietary protein upon the I’cgeneration of plasma proteins in 
patients subjected to a continuous loss of protein, as in tlie case here 
reported; (b) the possible efficacy of frequent plasma transfusions as 
a means of treatment; and (c) the effect of repeated injections of chyle 
upon the clotting time of the blood and upon the endothelium of the 
vascular system. 

In summary, the clinical course of a patient with ehylothorax and 
ehyloperitoneum has been described. The effects of a fat-free diet and 
of reinjection of the aspirated chyle have been noted and the significance 
of the alterations has been discussed. 


RErEREN'CES 

1. Yatcr, tv. M.; Ann. Int. Aled. 9: GOO, 1935. 

2. Bnncrsfeld, E. H.; J. A. M. A. 109; 16, 1937. 

.3. Lyons, K. Kennedv, J, A., ami Bunvell, C. S.: Am. Heart .1. 16: 675, 1938. 

4. Kirk, E., Page, I. H.,'an(l Van Sivke, D. D.: J. Biol. Cliem. 106: 203, 1934. 

3. Boyil, E. M.: .T. Biol. Cliem. 114: 22.3, 1936. 

6. Man, Evelyn B.; J. Biol. Clicni. 117: 183, 1937. 

7. Van Slyke, D. D.; Personal communication, 1940. Folcli, J., ficUneider, II. A., 

and Van Slyke, D. D.: J. Biol. Cliem. 133: 33, 1940. 

5. Peters, J. P., and Van .Slyke, 11. D.: Quantitative Clinical Cliemistrv, Balti- 

more, 1932, Williams and Wilkins Co., vol. II, p. 091. 

9. Wells, n. S.: .T. Tennessee .lead. Sc. 8: 102. 1933. 

10. Piige, I. II., Kirk. E., Lewis, W. II., Jr., Thompson, W. B., and Van Slvkc, 

D. B.: J. Biol, Chetn. Ill; 613, 1935. 

11. Shackelford, R. T., and Fi'-her, A. M.: South. M. J. 31: 766, 19.3.8. 

12. Blalock, Alfred, Cunningham, K. S., .md Kobin.=on, C. S.: Ann. Surg. 104: 

.3.39, 1936. 

1.3. .Tohn^on, V., and Freeman, 1,. W.: Am. .T. Physiol. 124: 466. 19.38. 

14. Freeman, L, W., and .loimson, V.:‘ Am. .1. P’hysiol. 130: 723, 1940. 

15. Holt, L. Emmett, .Ir. : Pensona! eommunioation, 1940. 

16. Harrell, G. T., Street, D. M.. and Rci«cr, R.; J. Lab. & Clin. Med. 24: 1045 

17. Robinson, C. S.. Cimningbam, R. .S., Blalock. A., Gray, .Mary E.. and Rogers, 

B. C.; .\reli. Patli. 24: 30,3. 19.37. 

IS. Conkson, H. A., and Slade. D. Lancet 2: 477, 1910. 

19. Sehnefer, I!.: Bentsehes Arch. f. klin. Me<l. 157: ’(19, 1927. 

20. Madden, S. C., and Whipple, G. IL: Phvsiol. Rev. 20: 194, 1940 


Till-: SUnrilCAh MAXAflKMI-lKT 01-' VARICO.SI-: VEINS; 
IMl'UHTAXCE OF INIUVIDUAEIZATJON IN THE 
OIIOKJE OF PUOCEOUEE* 


llc.VKY X, Haukins, ,AI.D., Fn.l)., and KiciiAiti) Sciiud, JI.D., 
OirntoiT, 31 /ch. 

(From thr Diiinion of (Intrrnl Siirflirii, Department of Surpenj, 

Urnry Ford Uospital) 

\ /AHKJOSE veins liiive hmi,' been clnssified as a so-called minor 
sni-ffical condition and in consc«|ncnfc their care in many cases has 
l)ccn rclc-ratcd to residents and other .vonnf;er sm-ffcons. In only rave 
instaitees has a more experienced surgeon devoted enough time to the 
study of tliis sid)joet to heeftme well acquainted Avith the variations 
tliese eases may ])resent. As a result, either a stereotyped operation is 
jierformcd or the patient is treated by a pliysician wlio, jiot being a 
surgeon, has no ehoiee Init to use some medical treatment such as the 
injection of sclerosing solutions. AVhile these latter treatments may 
have their place, otdy too often Avhen a doctor has only one means of 
treatment at his di.sposal, he will u-se only that method. 

The interest of one of us (If. X. II.) was aroused in this .subject from 
being personally afllieted with the condition and from having had per- 
.sonnl experience with .sodium morrhuatc injections, and later, more 
sticccssfully, with surgical operative treatment. The present series rep- 
resents the operations performed by the senior author (II. N. H.) dur- 
ing the year 1040 (Jan. 13, 1040, to Jan. 12. 1041). Operations on three 
of the sixty-three ])aticnts were done by two of the senior author’s 
assistants under his direct supervision and using his methods. During 
this period a substantial number of other operations performed by other 
surgeons in the Henry F’ord Hospital is not included in this series. The 
eases have not been folloAved long enough to observe the ultimate results. 
The present scries does not, therefore, at all pretend to be a follow-up 
report, but merely is a presentation of the methods used by one of us 
over a one-.vear period. 

diagnostic ^measures 


The following tests Avere used in diagnosis and determination of the 
type of therapy to be used : 

' 1 Jusncciion and Palliation.— In general, cases AAUth visible or pal- 
. 1 1 veins above the knee Avere considered as unsuitable for injection 
^ ^ The presence of edema Avas considered a contraindication to all 
''d of therapy (injection or ligation) until the edema Avas controlled. 


Sure. 


, , „„ flote from a paper presented before the first annual 

• VnlarBCd and brought up to m Arbor, Mich., March 1. 1941. An ab- 

hieeUnWbe Cen^ Proceedings of the Association. Ann. S 

ofrnrt of tnlS 
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Very superficial veins are stripped "vvitli difficulty as tlrey are friable and 
attached to the dermis so that if they are to be removed, excision is 
preferable to stripping. 

2. Sclmartz Tesf.— Percussion unth palpation of the impulse doun 
the vein is often considered to be a sign of incompetent valves, but may 
occur in normal veins. This method, however, helps in tracing the 
course of veins, especially in obese patients. 

3. Perthes Test . — 

a. With Tourniquet. — ^With a high tourniquet, if the veins become 
more prominent on walking, a deep thrombosis is suspected. However, 
if there is a localized thrombosis below the tourniquet, the test would not 
necessarily rule it out. Similarly, however, if the test is normal, even if 
there is a localized deep thrombosis, unless by chance the detouring super- 
ficial veins .iust adjacent to it are operated upon, no harm udll probably 
result. As a diagnosis before injection therapy, the theoretical objec- 
tion is more A-alid. 

b. With Tight TJubher Bandage From Ankle to Thigh. — This udll 
detect even a localized deep obstruction (tight bandage test of WcCallig 
and Heycrdale, 1940). 

4. TrcndeTenhx(.rg Test . — To avoid confusion as to “positive” and 
“negative” we use the terms normal, abnormal, and doubly abnormal. 
Normal means no filling from above after tourniquet release, abnormal 
means filling only from above indicating fossa ovalis leakage, while 
doubly abnormal means filling from both above and below indicating 
fossa ovalis leakage plus lower incompetent perforators. 

5. Mahorner-Ochsxicr Test (1938 ). — ^With a tourniquet high in the 
thigh complete emptying of the varicose veins on walking indicates in- 
competency only at the fossa ovalis. A control should always be done 
with the patient walking without a tourniquet as we have seen at least 
three patients where if this had not been done, the results would have 
been misleading. If the high tourniquet does not produce complete 
“walking-emptying,” it is placed progrc.ssively lower until .such an ef- 
fect is obtained. Tliis marks the site of the lowest incompetent per- 
forator. The two-tourniquet test of Pratt (1939) appears to be of value. 
l)ut we did not u.se it in the present series of cases. 

6. Ifarhhis Test . — This test, which wo have also called the local 
Mahorucr-Oehsucr tc.st, givc.s a horizontal as well as a vertical localiza- 
tion. For example, in a case where the ^lahorner-Ochsncr te.st shows the 
lowest perforator to be just above tlie knee, hut yet the exact place on 
tlic circumference of the leg where this perforator is to be found is un- 
known, the following tost is perfonned. Tlie examiner sits on a very low 
stool at the side of the patient and places the middle finger of both hands 
on the most suspicious vein at this level. This is usuallv away from 
him over the medial condyle, llis hands loosely surround the I’eg and 
the two tlunn1)s arc then placed for counter pressure on a relatively 
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vt>in-fr('c aicn over the liilct-ni cntuiylc of llio femur. Tlic patient is 
iiist riieted to !<(■(•[) the o|)j)(isit(* fftot motionless but to stej) alternatclv 
forward and l>ael;ward live times with the otlier foot, the loi' of whieii 
is lieint; lield all the time. An (tb.servntion i.s tiieii made, and in eases 
where llie vein pressed U|ion is tlie eliiof euli)ril, as "ood emptying of 
tlie varices below will l)e (ibtained as with the tourniquet at this level. 
Ill nine patients five “ood positive' tests have been olitained and in two, 
pressure with one liui>er eomliined with “ weitrht-beariu^' leu swinu- 
inu" eauserl eomidete emptying below the compressed vein. Siibse- 
epient oiieration revealed an incompetent perforator at this point. 

7. Coiif/hhirf Impulse 7V.s7.— Adams (IP.'lb) iioinfed out the impor- 
tance of strainiuir ])ressures in varicose veins statin<r: ""We have felt 
that the Trendeleuhuru test, as u.sually jierformed is not a satisfactory 
test of valvular eomiieteuee, inasmuch as it considers standinu pres- 
sures only.” He observed iiatients whose valves were eompefent to 
standinu pressures and so exhibited a normal Trendelenburu, yet who.se 
valves were ineomiietent to the added jire.ssurc of strainin" and jiromptly 
exhibited an aluiornial Trendelenlnirir when this factor was introduced, 
(.’onseiiuently Adams speaks of a valve bcinu relatively competent when 
it stands the ordinary pressures of erect ]iostnre but permits reverse 
(low under the added efl'eet of strain. If the fingers of the palpating 
hand of the examiner be placed over the saphenous opening of the 
patient in the standing position, back flow in the incompetent cases is 
readily detected ns a jialpahle venous thrill when the patient eoughs 
or .strains. Adams finally concludes that "pre-ssure and not the re- 
versal of flow is the dilating factor.” 

Keviews of the pathology of A'arieose vein.s and of the phj'siologic 
basis of the various tests have been given by Freeman (1939), Ochsner 
and l\Iaborner (1939) and Heller (1940). 


IX.IRCTION TREATMENT 

In our series of about SO patients with varicose veins seen in 1940, 
only aboirt 5 were advised to have injection alone. About 10 were 
advised to have ligation, but did not accept operation and the remain- 
in" 63 form the basis of this report. Two or three patients with active 
phlebitis were given palliative treatment. 

The injection method was especially popular in the decade 1920 to 
1930 when a reaction against the operative treatment occurred. The 
chief objections to the injection treatment are the occurrence of 
two e 1 permanency of the method. Eeactions have been 

reae lo ® ‘ , (1931), Ritchie (1933), Zimmerman (1934), Praver 

reportec (- 1936 ), Dale (1937), McCastor and McCastor 

n ^rshdley (1939), Holland (1939), Kadin (1940), and others. The 
(1937), She y t ^ally supported at the present time by the 

use of injection (1939, 1940). Writing in the former 

dermatologists, such as isaaiv v 
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year, this author stated “today it cannot he denied that the treatment 
of varicose veins by injections has almost replaced surgical methods.” 
A view in opposition to this was taken by Dean and Duliu (1940) and 
one of us (H. N.ll., 1940). 

The old thromhogeuic type of injections has been largely replaced 
by the sclerogenic type. Sodium morrhuate has been used exclusively 
in our series with no reactions. TYe have since had one transient reac- 
tion in a case not included in this series. 

Sodium morrhuate was first used as an injection treatment for vari- 
cose veins by Higgins and Kittel (1930), who reported favorably on 
its use in 187 patients treated at the Royal Northern Hospital, London. 
Barber (1930) used this method shoilly afterward. Ritchie (1933), 
of Edinburgh, used this method in a large series of cases of pregnancy 
and about this time sodium morrhuate became popular in the United 
States. 

AVe have always tried to allow no more than seven days to elapse 
between large injections. If the patient stays away longer than seven 
days, the series is begun over again with an initial small (1 c.c. or less) 
desensitizing dose. This practice was based on the principle that 
anaphylactic sensitivity usually takes longer than seven to ten daj's to 
develop. Holland’s (1939) 3 cases of reaction to sodium morx’huate 
all occurred in patients who had had previous injections of the sub- 
stance, but in whom an interval of four weeks or more was allowed to 
elapse before giving a 2 c.c. dose. Ritchie’s (1933) case with reaction 
followed an injection of 2 c.c. given ten days after a first injection. 

Only 1 case was treated by the method of segmental sclerosis (injec- 
tion of sodium morrhuate into the distal cut end of the saphenous vein 
through a long ureteral catheter) as advised by Pratt (1939). The 
results in this 1 case were good. AVe have had no experience with the 
twin injection techniijuc of Maingot for vein injection as described by 
Beolt (1930) and Fowlie (1940). 

Because of failures with injection alone in previous cases, we have 
used oiH'rativc methods in most of our eases seen in 1940. In general, 
injection alone was reserved for cases with (1) no palpable superficial 
veins al)ove the knee and (2) a normal Trendelenburg reaction. AA’ith 
regard to the lir.st criterion it is of interest that Martensson (1938) 
found that relapses developed in all his cases (55 in all) in which the 
insuflieicncies of the veins extended above the lower third of the thigh. 
Oehsner ami Alahoriier (193i) reported a 57 per cent recurrence rate 
foilowinu injection alone while other writers reported rates all the way 
from 0 to 98 per cent. 

Much of the benefits of injection so far as a low mortality from 
embolism are concerned may be attributed to the fact that injections 
are niven to amliulatory patients while o]ierations, at least before 1930 
w.'ve done on bed patients. AA'cslerborn (1930-37) reported tlie inei- 
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di lutul jdilmoiiui'v iollo\viii<j Oifl'drciit iiiolliods of voiii 

trcatiiu'iil in Sweden ns follows: 


]. Oiirralioii, O/iC per eenf (C.Ofld eases o))eraled ni)on from 1.02] 1o 
lO'iii with 18 deaths from einholisin). 

2. hijirtiiin iilits opcmliim, per eeiit (’1,200 eases treated with 4 
deaths from 1028 to lO.'M). 

8. /ajM-fioii. 0.(K{(: ]H'r rent (tlO.OOO treated eases with 11 deaths from 
1027 to 10:!-1). 

It is to he noted that the operation series was all done heforo 192"), 
aiol henee when hed rest for several days afterward was the nile, 

I’iistojx ntlivi- Injections . — In onr serie.s of 03 patients, 2S received 
postoiu’rative injections and the average nninher of injections per case 
was 4.7. Slevin (1‘.I40) reported that in his series of 73 patients in- 
jeefed after vein ligation. 404 injections wore given, an average of 6.76 
])er j)atient. Dean and Dnlin (1040) oppo.sed injection therapy with- 
ont preliminary high ligation. In 600 eases treated at the University 
<d' Iowa hy injeetion alone, there were 2 deaths from pulmonary eni- 
iiolism. 'i’he.se authors adopted the method of msing injections only 
after high ligation. 'Faylor (1940) also advised injection onl.v after 
lireliminary ligation. 

Onr teehifnpu! of injection postoperatively is to wait about ten days 
before giving an initial de.sensitizing do.se of 0.6 to 1.0 e.c. of 5 per cent 
sodium morrhuate. An interval of no longer than a week is then 
allowed, otherwise the series is begun over with a now desensitizing 
dose. The dosage is worked up to, but never exceeds 5 c.e. In large 
vein.s, we use what we call the “olasloj)last technique” of injeetion. 
A piece of elastoplast four inches by six inches is slit vertically for 
2 cm. in its center. It is then spread tight over the site of injection, 
the slit now forming an oval opening through which the injection can 
be 'dven. All patients rest horizontally for twenty minutes after injec- 
tion and then walk away from the clinic. 

Injection at Time of Operation . — Only 3 patients in our series re- 
ceived injections into the distal end of a cut vein at the time of opera- 
tion Two of these were done by the usual syringe and needle method, 

•1 ’le the other was treated with the ureteral catheter technique of 
P "itt (1939) The results in this latter case were good. These 3 eases 

^ 1 cories and since then this method has been abandoned 

were early ni inc 


for four reasons ; 

Tl nain of the injection is far worse than that of the operation 
d is apt to cause the patients to go to bed with consequent danger 

of cmbolisin. seo-ment is not effective unless large amounts 

^ If «.,s. Led ee „ 

of sodium inoi _ occur. K the patient is desensitized pre- 

initial dose, a me of the vein may make the operation 

difficult. 
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3. Secondary incisions lov down on the thigh and on the leg eaimot 
be made after distal injections, as otherwise the injected flnid ■will leak 
into these lower wounds. 

4. If time is allowed to elapse for the A'eins to collapse, less fluid need 
lie injected later. 

Hawkes and llewson (1940) also do not inject at the same time as 
they ligate. They stated that following ligation the veins usually 
collapse, so that by waiting two weeks they are dealing with a smaller 
vein and a smaller thrombus Avill be formed. In patients with bilateral 
veins, they injected one at the time of operation and allowed a wait 
of tAvo weeks before injection with the other. The ultimate cosmetic 
result averaged better where the injection followed a period of waiting. 
These authors also point out the second objection to injecting at the 
time of operation; namely, that it may cause so much pain as to neces- 
sitate bed re.st. 

OPERATIVE TREATMENT 


Operative procedures on varicose veins may be listed in outline form 
as follows (complete references in Och.sner and JIahorner) : 


A. Before Modern Injection Period. 

1. Puncture (Hippocrates, 500 b.c.). 

2. Tearing with hook (Galen, 201). 

3. Double ligation and section in thigh (Paulus Aegineta, 690), 
(Pare, 1590). (Trendelenburg, 1890). 

4. Removal by dis.section (Alhucasis, 1106), (Madelung, 1884). 

5. Percutaneous ligation (Davat, 1937). 

6. Multiple ligations and sections (Schede, 1877). 

7. Circular incision. 

a. Single (Peterson, 1893). 

b. Multiple (Rindfleiseh-Pricdel, 1908).® 

8. Stripping. 

a. Internal wire (Keller, 1905). 

b. External stripper (C. II. Mayo. 1906). 
e. Internal sti-ipper (Babeock, 1907). 

H. After Modern Injection Period. 


1. High ligation at fossa ovalis (Homans. 1916). 

2. Similar high ligation asambulatoiy procedure (de Takats, 1930). 

3. High ligation plus retrograde injection. 

4. High ligation plus conservative excision at site of ineompetenl 
perforators (Homans, 1916). 

High ligation plus eon.servative excision or stripjiing at site of 
^ incompetent perforators (Harkins and Schug, 1941). 


n in'? ""'I MaliorTK-r (1939), "one of tlie mon 
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imjinrltDH-i of Avihuldlor;/ Trrnimi nl.—Tho two jicriorls listed sepn- 
riilcly aliovc iiiifrlit iilsd he t(‘riiicil (he '‘ixistitpcrativc lied i-ost ” period 
and tii(' '‘a)n!>\datoi‘y " jieriod. llinli laoi'lalily froin eiulailisni eaiised 
(lie early operative iiietliodK to he tli.serr'tliled. JJeriif.seii (1927), in 
diseiissiiii; tlie residts of extirpation of variees in .‘tTli ])atients, re])orted 
enil)oIisiii in 7.2 per rent and a mortality rate of 0.7 per cent. All of 
tlie.se patients were operated upon before de Takats (HKIO) introduced 
ojieration as an ambulatory jiroeediire. Dean and Dulin (10-10) and 
others stress the im|)ortanee of ambulaloi'y treatment in these eases. 

The Ojieration of hiph lipation of tlie .saiilienoiis vein as an ambula- 
tory jiroeedure was deseribed by de Talcats (1020), who reported fiO 
such o))erations. In 102:5. de O’akafs ami (^iiillin reported l.oO addi- 
tional ea.se.s, making a total of 200 with 1 death from sep.si.s. So ea.se 
of embolism oeeiirred and deTakats and Qiiillin eonelnded that “two 
factors, namely, the ambulatory mamifjement and the shortne.ss of the 
liroximal stumji. are imiiortant in the jirevention of embolism,” The 
additional teehuieal point of amindatory treatment, we believe, has 
altered the entire results of operative mana<;ement of varicose veins. 
The results as far as embolism is eoneerned have lioen so pood that nine 
years after de Takats' oripinal paiier on the subject, Ochsner and 
.Mahorner (1929) stated that no deaths from this ean.se followinp op- 
eration “have been rejiorted when ambulatory repinien has been used.'' 

MuUiplr Su])plevic)il(ir!i Lipafions. — It was soon found that multiple 
lipations were not efl'eetive unless a hiph lipation was performed at the 
fo.ssa ovalis with division of all the branches of the saphenous vein at 
this point. .Similarly, more recent authors have found that in eases 
with additional leaks below the fo.s.sa ovalis, additional incisions must 
be made. It is our iioliey always to lipate at the fossa ovali.s, and often 
to .supplement this procedure with additional lipations below. Thus, 
these multiple lipations below are always supplementaiy to the fossa 
ovalis lipation. Essentially this procedure has been advised by Ilomans 
(l.Olti), Oeh.sner and IMahorner (1939), Wripht (1940), Rees (1940), 
and many otluw.s. llawkcs and Ilew.son (1940) do a “two-point” lipa- 
tion, hi'di and at the site of the lowest perforator. It seems to us that 
this mav not be adecpiate and that an excision of the vein to eliminate 
some of the perforators between may be advisable. Slevin (1940) re- 
ported that followinp high ligation alone, he had a recurrence rate of 
17 per cent while with multiple lipations it was only 4 per cent. He 
mentions however, that in some of the earlier cases of high ligation, 

11 of the branches of the saphenous vein at the fossa ovalis were not 


ligatec . , stated that he had never done a bilateral ligation as 

^ procedure. In our .series. 35 of 63 patients (56 per cent) 

one Lations performed at one sitting and nothing that oc- 

had h'latera ^ cause us to abandon treatment of both 

eurred in tins t.vm-i 
lei'S simultaneously. 



HARKIKS AXD SCHUG: A'ARICOSE VEIN'S 


409 


r/(e Lesser Saphenous Vein . — Many authors such as Wright (1940) 
have written vaguely about the importance of the lesser saphenous vein 
in causing varicose veins. Few statistics on this subject are available. 
Slevin (1940) reported that of 100 extremities ligated, in 5 instances 
(5 per cent) the le.sser saphenous was ligated. Slevin also mentions 
that the lesser and greater saphenous often communicate. In our series 
of 98 legs, only three definitely enlarged lesser saphenous veins were 
operated upon (an incidence of 3 per cent). In all other eases it was 
searched for in the popliteal fos.sa by inspection and palpation and in 
seven instances the popliteal fossa appeared so suspicious that an in- 
ci.sion was made which revealed no enlarged vein. In the cases where 
a definite vein was found, however, it was quite large (8 mm. or more) 
in diameter, but smaller than the vein .shown in Fig. 5 of Adams’ 
article (1940). and definitely perforated the deep fascia. Furthermore, 
intentional release of a clamp on the central end revealed marked 
bleeding. 

Adams (1940) stated that with one exception, he had “not observed 
any eases of varicosities inA'oh'ing the short saphenous veins in which 
a definite communication with the long .saphenous was not present and 
we are of the opinion that this rather than the deep femoral vein is 
the usual mode of transmission of pres.sure to the short saphenous 
.sy.stcm.’’ "We can agree with Adams in his anatomic observation, but 
not in his physiologic conclusion. In most eases the lesser saphenous 
forms the lateral branch of a Y, the medial branch arching from above 
and anteriorly over the medial condyle of the femur from the greater 
saphenous. The two unite and go down the back of the calf, the united 
vein soon branching itself. However, as stated above, in ca.ses of en- 
larged Icssei- saphenous veins, we have found a marked flow of blood 
to come from the central end and in no case have we found valves 
clo.ser than 3 cm. from the perforation tiiroiurh the fascia. 

OPERmvi; TKcnxicp'r: 

1. Ildspiialization . — Of the 03 patients, operation was performed on 
t)2 in the operating room and on 1 in the outpatient clinic. This latter 
patient ilevcloped a hematoma at the fos.sa ovalis incision, "ll’hilc we 
belief c this operation can be done in an outpatient clinic, we advise 
that it be done in an oimrafing room. On the other hand, of the (53 
patients, .f)l were operated upon as outiiatient.s. Of the 12 remaining, 
2 were alre.-niy in the ho.spital, 1 entered voluntarily before operation, 
and .•) entered jifter operation because of their condition (bleeding, 
prolonged operation, faintne.ss. general ane.sthesia, etc.). The other 4 
patients that entered the hospital iliil s<i for economic reasons to obtain 
hospital and medieal insurance to which an outpatient visit would not 
ha\ e entitled them. 

2 Anislhtsin - .\\\ but 1 patient \\!is ojierated uimn under local an- 
esthesia. This 1 patient was an e.xlremely excitable woman of whom 
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ail (‘xccption liiid to be maOt'. ‘Within a few liours after operation, 
however, alie was loreed to walk just as tiioiif'h she had been operated 
uiion under local anesthesia. Onc-lialf per cent novocain without ad- 
renalin was used in praetieally all the local case.s. No preoperative 
sedation was used in niost of them as it was noted that after using 
opiates, tlie iialieiits were apt to faint on adopting the ambulatory 
reuinien. hhirthermore, because of trafTic dangers, the use of opiates 
was eontraindieated in the outpatients. 

0. Dnipuui aud S/mi Prrpiirafion . — If only fossa ovalis incisions Avere 
to be made, liiese eoul<l be done on both sides at one draping. Othcr- 
W’ise (Uie leg at a time was drajied and completed. Iodine was used 
as it did not wash off the gentian A'iolet markings on the legs that Avere 
])laeeil to indicate the site of inei.sion.s. An arpieous antiseptic (hc.xyl- 
ehloro-M-eresol) Avas apidied in the region of the genitals to avoid 
burning. 

4. Sill :. — Fine black silk Avas used in all eases for sutures and liga- 
tures exeejit of the central .stump of the saphenous A’cin AA'hcre a heaA-y 
ligature Avas used. 


0 . Fo.^aa Oivdis Incision . — We tried the longitudinal incision advised 
by Ochsuer and Mahorner (1030) but have come back again to the 
oblique incision. The longitudinal incision does not folloAv the lines 
of force; it bleeds more easily and is more apt to give rise to a subse- 
quent hematoma; the medial flap tends to pull uinvard in the middle 
and the resultant sear is more marked even Avhen approximation is 
guided liy prcoperatiA-c skin scratches. At the fossa oA-alis avc now tise 
an obliquely transverse incision a fingerbroadth bcloAV and parallel to 
the femoral crease. Use of the palpated femoral pulse as the lateral 
end of the incision seems to be a better guide than marking the A'arix, 
AA’hicli often is not visible, in the erect position. Especially in obese 


patients, as soon as the.v lie doAvn, the relation of skin to deep tissues 
becomes distorted and the marks are apt to be misleading. As any 
medical student know’.s. lioAvcvcr, the femoral artery lies .just lateral 


to the vein and therefore to the fossa ovalis. The A'ein is found 
and identified. We have several guides to the vein other than experi- 
ence. It is usually marked by the typical branches and it lies in the 
superficial fatty tissues Avhile the femoral vein is at the same depth as 
the artery AAdii'ch can be palpated. In cases of doubt Ave lightly pinch 
the vein to note if the distal segment SAvells as it AvoAild if it Avere the 
femoral Finall.A', except in eases of A'isible A-arices Avhieh are supeificial, 
f vein is often' much thicker Availed than the femoral. At the most 
'1 1 int the vein is divided betAAmen clamps; the assistant then 
access! e po margin of the AA'onnd, a little novocain is placed 

retracts on . ^ ^ Jlayo vein clamp the loAver 

along eac ^ ® aboAit tAA'o inches in hopes of finding the 

segment is to pj-aneh. If this is found, it and the vein are sepa- 

deseending fernoi* tAVO-inch segment removed. Otherwdse the 
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saphenous alone is so treated. The assistant then retracts only the 
upper margin of the ivound and the lower stump is forgotten. The 
upper stump of the vein is folloAved up to where it enters the fossa 
ovalis, the lower border of which is marked in about 90 per cent of the 
eases by the Ausibly pulsating arehlike superficial external pudendal 
artery. We have found that this technique of dividing the vein at the 
start of the operation renders exposure of the fossa ovalis much easier 
than the method of not cutting the vein until the end of the procedure. 
All branches are doubly clamped and ligated, attempting in aU cases 
to get the three main ones (external pudendal, inferior epigastric, and 
circumflex iliac). In women the external pudendal often assumes great 
proportions and should be followed medially until it branches, ligating 
the two branches separatelj". The various anomalies at the region of the 
fossa ovalis Avhich should be searched for and ligated have been pointed 
out by Stalker and Heyerdale (1940). The saphenous itself is then held 
up under only moderate tension and ligated even with the edges of the 
fossa with heavy silk. A fine silk transfixion suture is then placed 
.just distal to the ligature so that no silk crosses the lumen of the 
proximal portion of the vein. The free portion of the proximal stump 
is then cut off distal to the transfixion suture. Fine silk is used for all 
ligatures and sutures except the one most proximal on the stump of 
the saphenous. In tying it, if too much pull is exerted on the vessel, 
the same error may be made as occurs in tying off a cystic duet under 
too much tension; i.c., looping up the femoral vein itself into the liga- 
ture as may be done with the common duct. The advisability of leav- 
ing a short stump is at once apparent. Kilbourne (1934) stated that 
high ligation “may cau.se a funnel-shaped blind pocket in the vein 
proximal to the ligature in which the blood stagnates allowing a thrombus 
to form.” lie stated that ligature has a mortality of 0.5 per cent but 
cited Schiassi who claimed 2,500 ligations without embolism. 

A single silk suture is placed at the midpoint of the deep layer of 
the superficial fascia and the skin closed with interrupted silk. In 
tliese ambulatm’v patients wc have found that end-on mattress sutures 
are the only ones that will hold the skin edges in approximation at all 
satisfactorily. 

6. Lower Indsions . — ^These are made longitudinally except where they 
are to allow exit for the end of the stripper, in which case they arc 
liormontnl and only 1 cm. long. These incisions are made on the lines 
previously marked by gentian violet where incompetent perforator 
arc suspected. The most usual site is over the adductor tubercle of the 
femur. It may be because the femoral vein has at this point just 
escaped from Hunter ’.s canal that it so often gives a large perforating 
branch in this region. All branches are ligated and the main saphenous 
vein as high ns possible at the upper end of the incision and ns low ns 
possible at the lower end is transfixed. A suture is inserted siibcntn- 
iieously every 2 cm. to ap])roxiinate the fn.scia ami the wound closed 
with .skin silk. 
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In oiir scries, 217 incisiims \vm- nuidc on OS Ic-rs. On all but 1 k% 
a fossa ovalis incision was made, so Jbis made 120 incisions below the 
jiroin, an avei-am' "f 1-0 per Icp. We believe that a fossa ovalis incision 
and ncc(>m])anyini; libation sbould be drtne on every ease where any 
operation is pcrtoruKsl. A\ e fliil not <to if on this 1 le;i (the second 
Icf; of a bilateral ojieratioiO because of the len<;tb of the operation. 
Only 2H i)atients bad oidy fo.ssa ovali.s incisions and it is of interest to 
note that llie.se all were dtiriti;' the first half of liie jjcriod covered by 
this rejxirt. 'I’liirty-oiK' incisions were made below the knee (]3 per 
cent of the total) and of these 2!) were done durin<r the second half 
of tin* series. It is thus seen that so far as ojjeratin'r below the "roin 
and below the knee is eoneerned, we became much more radical as time 
went on. 


7. .''frippiaf/. — When we be<rnn strip])in<; ns an ambulatory proce- 
dure. we were told that it was not feasible because of pain and hem- 
orrhage. Neither of these fears was .iustified. .Simi)le novoeainization 
.lust under the .skin is adecpiate for a ])raetically painle.ss stripping if the 
coui*se of the vein has been aeeuratol.v marked ahead of time. Further- 
more, with olastoi)last, no ea.se of hemorrliage or hematoma occurred. We 
have, however, abandoned stripping the proximal six inches of the 
saphenous vein because the elastopla.st cannot exert ijre.ssure at this 
level and one hemorrhage occurred above the compression. A Mayo 
vein stripper is used in all cases and with pi*aetice when a branch is 
reached it is identified, the stripper cut down upon, the branch doubly 
ligated and the stripiiing proceeded with. Even M’hen a branch is torn, 
however, no hematoma has resulted with elastoplast. Visible veins are 
usually friable or attached firmly to the dermis and unsuitable for 
stripjnng. Finally, recent previous in.icetions may cause stripping to 
be difficult. Otherwise, we substitute stripping for excision as much 
as possible as the cosmetic result is better. We have repeatedly noted 
that if a segment of vein is left behind I)ctwecn ligations, it becomes 
much more painful than the channel left by stripping such a vein. 
Nineteen patients had stripping, 15 of them during the second half of 
the series. Most stripping was done in the lower thigh and seldom 
below the upper fourth of the leg. 


S Dressings. ^^Ve have found that an extremely small piece of gauze, 

1 by 3 inches, covered by a 2 by 6 inch piece of adhesive tape is much 
1 ■ • apt to lead to infection of the fossa ovalis incision than bulkier 
ess . p^^^ always rubbed beforehand with ether to cause 

! Un’Tdlmsive to sticlc well. The lower incisions are dressed with small 
lieccs of -anze and a roll of elastoplast from two inches below the 


pieces 
lowest incision to 


two inches above the uppermost one. 


9. Postoperative Orders. 


-Prime emphasis is placed on frequent walk- 


^ 1 ■ ic done to interfere with this. Consequently only 

ing and analgesic. In fact, now that we do not use 
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injections at tlie time of operation, pain is not an important factor. 
All patients who had had injections sometime before operation stated 
that the operation hurt far less than an effective injection. The pa- 
tients are informed of the "seven-hour rule”: that they must not stay 
in bed longer than seven hours at one time for several weeks. If they 
wish to go to bed early and get up late, they must get up once in the 
middle of the night. They are not cautioned against standing, for fear 
that this will cause them to rest and also in the sincere belief that if 
they have been improved by the operation, that improvement begins 
at the time of operation and reversed blood flow on standing will no 
longer be a factor. The dressing is usually changed on the sixth day. 
and at that time one-third of the stitches are removed, the remaining 
coming out on the eleventh daj’. at which time postoperative injections 
may he begun if necessary. 


AXALYSI.S OK JI.ITERIAL 


This stud}' consists of an analysis of operations of 98 separate lower 
extremities done on 63 individuals during a one-year period between 
Jan. 13, 1940, and Jan. 12, 1941. All procedures and operations were 
done by the senior author (H. X. H.) e.xcept 3, which were under his 
direct supervision. Forty-two of these patients have been recheeked 
in the past six weeks (Jan. 1, 1941, to Feb. 15, 1941) to determine the 
pre.scnt condition of their veins and the status of their legs, as well as 
1o obtain their own c.stimation of improvement or other alteration of 
their condition. Twenty-one patients were not contacted. This was 
probably due to the fact that some of the patients only lived or worked 
in Detroit for a .short time and also to the fact that many of our pa- 
tients came from .some distance outside of the city. In the latter group 
we were able to get an appi-oximate appraisal of results through 
eon-espoudence. 

The longe.st wc have been able to follow any of the.se case.s is 13tA 
months. Because of this a final conclusion cannot he drawn: however, 
we believe that the results obtained by our treatment merit presenta- 
tion at this tinic, 

I 


V.xr.icosr. Vr.i.s SrnvEY 

n'oT.n. Xo. C.v.sj.s, o.'l; Xo. E.xtiiemitie.s Ow:r..\TEn rcox, 42) 


sK\ iNCiiiT:\rK 

^ir»K r.vorr>rxrK 

Maif- 2S 

I-eft .-,r. 

RirIii le/r .}2 


included 35 women and 28 men. Oeh.sncr and 
Mulmriicr {19.?/) observed 247 wo/nen and 38 men, arid Hnwkes and 
Ib-wson (1940), 441 women and 1.59 men, so a propondernnee of fo- 
(nates M-ms to he the rule. The exeess was les.s in our series in all 
)>rohnluht\ beeaus,. of the nidii.stnal nattire of our elientele. 
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In oiir .scries, 217 iiicisiinis were iiuidc on !)S ]c"s. On nil hut 1 le^ 
u lossji oVfilis incision wns nnnlc, .s’o (liis niiidc 120 incisions hclow the 
trroin, jm average ol 1.2 ))cr Icfr. AVc hcli(‘vc that a fossa ovalis incision 
and accompanying; libation shonhi he done on every eas’o rvhere any 
operation is performed. We did not do it on this 1 le^ (the .second 
let; ol a hilaleral oi)eralion) heean.se of Ihe le/if;(h of the operation. 
Only 28 ])atients had only fossa ovalis incisions and it is of interest to 
note that thc'se all weiS' durin;; Ihe first half of Ihe jjcriod eovei'cd hy 
this report. Thirty-one incisions were made helow the knee (13 per 
cent of the total) and of these 2!) were done dni-in;; the second half 
of the series. It is thus seen that so far as oi)ei‘atin<; helow the t;roin 
and helow the knee is concerned, we heeame mncli more radical as time 
went on. 


7. KIrippinij . — When we he<;an slriijpin*; ns an amhnlatory proce- 
dure. we were told that it was not fcasil)le hceanse of pain and hein- 
orrlni'.'e. Neither (d' the.se fears was .instified. Simple novoeainization 
.inst nnder the skin is adecpiate for a practically ]>ainlc.s.s .stripi)ing if the 
coui'se of the vein has been accurately marked ahead of time. Further- 
more, with elastoj)lasl, no ca.se of hemorrhage or hematoma occurred. We 
have, however, aI)andoned stripping; the proximal six inches of the 
.saphetious vein hceanse the ela.stoplast cannot cxcj’t pressure at this 
level and one hemorrhajic occurred above the compression. A IMayo 
vein .stri])])ei’ is used in all eases and with practice when a branch is 
reached it is identified, the .stripper cut down upon, the branch doubly 
lipatcd and the strippin>; proceeded with. Even when a branch is torn, 
however, no hematoma has resulted with elastoplast. Visible veins are 
usuall.v friable or attached firmly to the dermis and unsuitable for 
strippiu};. Finally, recent previous in.ieetions may cause stripping to 
be difficult. Othei'wise, we .substitute stripping for excision as much 
as possible ns the cosmetic rc.snlt is betfe?-. We have repeatedlj" noted 
that if a segment of vein is left behind l)etwecn ligations, it becomes 
/iineh moj-e painful than the channel left by stripping such a vein. 
Nineteen patients had stripping, 15 of them during the second half of 
the sei'ics. hfost stripping was done in the lower thigh and seldom 
))elow the upper fourth of the leg. 


S Dressings.— have found that an extremely small piece of gauze, 
1 by 3 inches, covered by a 2 by 6 inch piece of adhesive tape is much 
^ t to lead to infection of the fossa ovalis incision than bulkier 
t"? ■ <r The skin is always rubbed beforehand udth ether to cause 

;a!Tr))fesive to stick well. The lower incisions are dressed with small 
' i and a roll of elastoplast from two inches below the 

CSLiS.n\«\.voincte.bovetheuppe™ 

ing and notnUj, ^ analgesic. In fact, now that we do not use 
aspirin is given as * ‘ 
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Dxiration of Symptoms . — In 46 eases analyzed, tlie average duration 
of symptoms was 16.3 years. 

Symptoms . — The three main symptoms were pain, swelling, and dis- 
figurement as shown in Table III. The number of patients who had 
no other complaint than the appearance of the veins is surprising. 
Other symptoms did not always seem to be proportionate to the size 
of the veins. 

Previous Injections. — Twentj’-one patients had had previous injec- 
tions, the average being 13.7 per patient. 

Table IV 

Vabicose Vein Survey 
Mode op Onset op Symptoms (43 Cases) 


Gradual 30 

Gradual with pregnancy 3 

Acute 10 

tVitli milk leg at pregnancy 2 

tVith pregnancy alone 3 

tVitii thrombophlebitis after surgery 2 

tVith ulcer, pain, or swelling 3 


Table V 

Varicose Vein Survey 
Previous Treatment (63 Cases) 


StjnOEPvY 

IXJECTION'S 

•VO. pi,.vce date 

No. of patients in.iected 21 

Average no. injections per patient 1.3.S 

1 n, F. n.* 1935 

2 II, P. n. 1939 

2 Outside 1938 

1 Outside 19,30 

1 Outside UnknoAvn 

Other method.'! of treatment: 

1. Elastic stockings 

2. Ace bandages 

3. Soocy and Vnna paste boots 
•1. Salves, ointments, pastc.s 

iotal 7 cases 

•Ilrnrj* Ford Hospital. 


Previous Operations. — Seven patients had liad previous unsuccessful 
vein operations. Three of those were done in our own hospital and 4 
clscwlierc. In some instances it was difficult to tell what had been 
(lone previously, while in others the findings were extremely interest- 
ing. In 1 ease one limb of a bifid saphenous had been ligated below the 
fo.s.sa ovali.s. In another, the vein had rceanalized after ligation. In 
another, a le.s.spr saphenous had been overlooked. The most interesting 
case, however, and nio.st recently operated upon was that done by an 
assistant resident in 1930. Dissection revealed that he had ligated the 
external pudendal where it entered the saphenon.s, evidently mistaking 
this point for the snphenofemoral .junction. The ligature was .still in 
place ! 

In our own series 1 reoperation was done (a lesser saphenous over- 
looked previously in one of our early eases), and 1 other wn.s advised 

(an evident perforalitr near the addwtor Inherele in one of onr enrlv 
eases). 






•IM 


SUHGKKY 


Afir.—ny far tlic lart;cs1 pi-oporlioii ((ili per cenl) of the patients 
was Ix'lween llie a^es ol -10 tft i»4 years, llnis possibly lending support 
to i^ieard's (1!)‘20) liornional theory. It is more probable, liowever, 
that eini)l(iyinent, ceonoinir- faetors, and ])rogression of tlic disease 
l)Iaye(i a role in eansing persons of this age to seek attention. ITawkcs 
and llewson (ltl-10) found a .slightly smaller miniber to fall in this age 
group. 45 [jor rent of their patients being within the age group of 40 
to 59 years. 

S'ldr. — The left leg was involved in 51) in.stances and the right in 42. 
On the right leg 125 ineisions were made and on the left 92. Ochsner 
and .Mahorner (1999) stated that neither side was involved more, while 
Stenbner (1990). cited by Oeh.sncr and Itlaborncr, found the right leg 
to be involved slightly more often, the opposite to our series. We 
oj)erated upon 9S of (19 patients (00 per cent) bilaterally while Hawkes 
and llewson (1940) oiieratcd ui)on 440 of 000 patients (70 per cent) 
bilaterally. An economic factor may have caused oui- percentage to 
be low. 

T.mii.k II 

V.viiiro.sK Vr.is Sur.vKv 


.\GE INCinENCE 
(02 CASES) 

DURATION or SYMPTOMS 
(46 CASES) 

20 . 2.1 vr. 

0 

0 - 4 vr. 


0 


25.20 vr. 

0 

5 - S vr. 


11 


30.34 vr. 

0 

0-12 vr. 


3 


35.30 vr. 

I 

13-18 vr. 


8 


40-44 vr. 

3 -i] 

10-24 yr. 


8 


4.5.40 vr. 

15103 % 

25-35 yr. 


10 


, 50.54 vr. 

nj 

30-45 jT. 


3 



5 

40-55 yr. 


1 


00.04 w. 

3 

Average 

10.3 

yr. 


05-70 yr. 

4 




— 


TABhE III 

V.\r.icosE Vein Survey 


0 


+ + + +’ 


ScvcrUij of prescniino si/mptoms (4S cases): 

Pam « i) S 

Swelling ^ g 

Appearance qo 

No. of cases of ulcer 

Postoperative severity of symptoms (4S cases): 
T, • 30 7 2 

Pam 2(5 jq G 

Swelling 
Appearance 


nTmeers present Fel). 


C 

14 


3 

0 

2 


S 

S 

G 


6 

6 

0 


intensity of the symptoms : 0, absent; ±, trace; +, 

rf.!mar‘,la; ana .... severe. 

,r .7 4 n., set— The onset was gradual in 30 eases, gradual with 

Mode of _ • ^ jQ ^.gggg (2 of these cases oc- 

pregnancy m o n „^,egimncy, 2 without milk-leg at pregnancy, 

enrred with niilK- g ‘ following abdominal operation, and 3 were 

9 with thrombophlebitis lou o 

L:;te with ulcer, pain, or swelling). 
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tlie instances of silkosis, ^\hat might be called a dry silkosis was pres- 
ent. In no case was there infection or inoistness except svithin a milli- 
meter of the extruded stitch and at no place did more than one stitch 
come out. In conclusion, therefore, in our hands infection after opera- 
tion has played a minor role in varicose vein surgerw even though as 
Freeman (1939) has pointed out “the groin is a susceptible spot for 
infection.” Also, like Freeman, “u'e have used silk in all of our oper- 
ations and have had no cause to regret it.” 

Keloid . — A small nonpainful keloid formed in 1 ease. 

Hemorrhage . — Hemoirhage occurred in 6 cases, all during the first 
eight months of the year covered by this report. Four hemorrhages 
occurred at the fossa ovalis, all in eases done before ue adopted trans- 
fixion suture of both ends of the main vein. One was in the one 
patient done in an outpatient office, 1 was in a secondai'y operation 
following recurrence, and the other 2 were in simple eases, except that 
in ] of them, Oase C. S., a lymph gland overlay the saphenous vein. 
The piescnce of a lymph gland in this po.sition has, we have found, 
doubled the difficulty of the operation. The other 2 occurred low’er 
down. One was in our first operation near the knee which w'as done 
l)efme we used elastoplast. The other wms our first and only attempt 
to sttip the entire saphenous from fossa ovalis to .iust below’ the knee 
on an andndatory patient. Bleeding occurred high in the thigh above 
the level of the elastoplast. Tw’o patients had to have the wounds re- 
opened at the fossa ovalis and one at the knee. We believe that fol- 
low'ing three ndes would have prevented all these hemorrhages: (1) 
Fse of transfixion sutures on all main vessel stumps, (2) avoidance of 
sti-ipping the upper thigh, and (3) the use of ela.stoplast. 

Liimph Dininaqc . — In our series there were 3 patients with some per- 
sistent ji.iin after operation; there were 2 in whom swelling of the leg 
was a little worse (there was no swelling of the foot or ankle in these 
eases), and there were several, chiefiy tliose in whom the prescribed 
eourse of postoperative injections was never completed, in whom visible 
hut asv mptoiiiatie veins peisisted. Wo had no patients in wliom the 
veins seem to be glow mg larger again. In a few instances spider 
liursts oeeiirietl some weeks after operation. 

Our one laid result, however, was in Patient (' S, male, aged 7A 
viais, opeiated upon June 22, 1940, for veins of eight years’ duration, 
much woise on the rigiii. A hilateial excision and ligation at the fossa 
ovalis was done and the light leg. previously the woise of the two, 
was an e\i client result lleinoi rhage occiiiied. however, at the loft 
fossa mails, an assistant leopened the wound and ligated a bleeding 
point I he opeiatmn on this side hail not been unusual except that a 
largi adlieient Ivmpli giand overlay the saphenous vein. Infection 
oeemred which was followed by Ivmph diainage for thiee months be- 
lore tlie wound finally healed. Fm a time the lymph sieretion was so 
marketl that seveial hundted eiiliie eeiitimeters drained off in a dav. 



Slitfh ! nffcit'ins. — TIh'sc oci'urwl in !) f.n.st'.s l)wt were hoaltvi in all 
rasi’.s witliin seven flays nr less, exeepi in I ami tliaf was healed within 
three weeks. In laheliii!,' tlie.se ea.ses as int'eetions, we used the strietest 
jatssilile interpretation of the word and inelmleil nil instanees that did 
not heal 100 per eent [irimarily. Kven if the wound edixes healed pri- 
inarilv but yiU the stiteli holes exuded a <lrop of pus or fluid, the ease 
was railed an iufeetion. 


lufcvlnl ]Vnuii(ls . — duly two deej) infeetions oeeurred and both of 
these followed hemaloiiias and were well loealized. Both of these 
oeeurred duriiu: the lir.sl half of the series and sinee during the second 
half we ndojited better measures to prevent hematomas, we believe that 
infection is no loiifier an important factor. Both infected wounds 
healed without extrudin-r the silk lifratures. 

.Vr/vmm.— Only two wounds developed a seroma and lioth of these 


healed promptly after evacuation. „ 

.S’lVAo.'fi's — ‘Only I! wounds develoi»ed .silkosis. Aot a sni<rle one ot 
llie OT fossa ovalis incisions dcveloiied .silkosis. All of the instances 
. ^rred in cases wliere tlic oiieration Avas performed duringr the first 
r'* ' tl ‘rds of tile year while avc were usinp more buried sutures to close 

rr,lml ir'lliisl. «"'l "H " C '.-cc 

‘ ^ 1 ,w. «oeh suture for every inch length of incision and relying 

'T efasroi'llst to obiilerate the defect no silkosis oeeurred. rinally. in 
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ligating of a vein before the nicer is healed, and 've feel that ive hasten 
its closing in doing a ligation and by injecting the feeder veins.” 

Luke (1940) has ligated 58 eases rvith ulcers rvith good results. He 
believes that temporizing should not be carried too far in these eases 
and that rvith surgical treatment “the healing of the long-standing 
ulcers following this procedure is phenomenal.” bTo ulcer took longer 
than six weeks to heal, but 3 patients returned with recurrence of the 
ulcer after initial healing in Luke’s series. 

In our own series, in 63 patients, ulcers were present in 26. Of 42 
patients with a recent follow'-up, 22 ulcers were present at the time of 
operation and of these, 2 were still present at the time of making this 
report. Of these latter, 1 was an ulcer of nineteen yeai’s’ duration in 
which a skin graft was advised and refused, while the other ulcer had 
healed after operation, but recently had broken down again. 

Vitamin — ^In 5 cases we used vitamin Bj by mouth to control pain, 
usually in the presence of ulcer. In 3 cases there was a good result ; in 
2 there was slight improvement. The periodicity of the pain in this con- 
dition makes this result difficult to interpret. We used 30 mg. of thia- 
mine chloride a day which is equal to the maximum dose used by Ochsner 
and Smitli (1940). Tiiese authors and Krieg (1938), the introducer of 
the method, have been its ehief advocates. 


SUMMARY 

In a series of varicose vein operations personally conducted on 98 ex- 
tremities of 63 ])atients dining 1940, 217 incisions and 19 stiippings 
were done. 

CONCnUSlONS 


1. A stereotyped operation .should bo avoided. The surgical procedure 
sliould be individualized to fit the patient and to Ifiock all important 
%enous im'ompeteneies as deteimined by complete diagnostic tests. 

2 High ligation and segmental excision of tlic saphenous vein and 
all its liranehes at the fossa ovalis should be performed in all cases sub- 
mitted to surgery. 

.3. Additional ligations and excisions lower down on the thigh or leg 
should he ])erforiiied as indicated. 

4 Snipping gives a better eoMiietie result than excision and is prefer- 
able to the lattei {‘xeejit in eases of suiierficiiil. friable, or recently 
seleiosed imiis and tor \eiiis high in the thigh. 

:> Inji'ction as an adjunct to surgerv is be.st postponed until the 
second week after ojieration 

6 ln'i>oilant tioints m the suigieal teehniiiue iiieliule the use of local 
anestlieiie. silk. tiaiisliNioii of main \essels, elnstoplast bandages, and 
amluilat..rN eiiie in all eases. 


I 1 he one ill efiVet of eoiiseipieiie,- jji these ea*-! s was a slight iiierease 
in e<hiiia of one h g in two eases and a iiiarlusl edema in another case. 



I'l,! (;V 




•'’nil I tin II Ihi jiiitiiiit lu>*, liixl iiutri.Mt Mliiun iiii'i ji.nin in liiis lifi, 

.'li't {>:. uoic^h (-nl.'i .lirhliy Ur, TIu (}„< , tii.t inu-Iw 

tht' lixif },iif (iot •• njclii'ir fill' fsiikli' fin»I iihifi. 


% vru ir r rt ri i; 


1 111 {ii.itiiniit lit *. .irii'iiMi' tiln Is • ’*si iitii!!l_\ of tv,o t\jiis: tlnit 

‘lit I ft* it to',' M <1 r tsi> tt!< 1 1' itmt tiiii* itii I I'ti '1 at iiitjn ovinj* or l■!l^inI.' tfic 

ciiU' .it IV t viiiis I Ij iDijiioils litriftifl jnjiiiarily toiwiid tin- iilct r, tfic 
toltouifitr It! I til }ii fiotn!: tl) U/il H si ntiil i!(vntion. (2j nitilit-r 
i|n ..siiii:'. (til. noils liiatt” of .\fi-f'ficcti i-s mill Mi rk(-rt. 

It'.Il (, t.Ij lioots oi till- riiiin orSiioi v type,* (4; l•l.^stoplllst, mnl (oi 

ninltiii iits, p'lsti s, (iiiil powitiis Of tho Intti-r. snlfaiiilmiiiili- ami 

iisjiiriu nri' tv. not the lati si Our own * '.jicrii lu-i- has i-hi' lly Iici ii with 
the Sooi y hoot, elastopliist, miii to some e\t<nt with siilfaniiniiiiili , rim- 
stiar.ite, am! /ine ptroxi<ie piiw«h-rs. Writtht flPIOi nsul {tsjiirin 

powih r toeally atnl Ootihi-Iftirst i usihI histtimine iontophoresis. 

Ih I s (IViO) iisi i| siiitmiilaiiiiile [lov.ihr loetilly with .siieei ss. When 
tliisi. i-oiiserv ativ e means do not woik. shin itiaftinir as advised by 
Kiiiton fill'!''), Oelism-r and Mahoiner t lit:!!'), and otlier.s is to be li.sed. 
but in mir seties of tin- only !! patients wiiose nler-r.s did not Iieal 
piomptly with other means 1 n fused irrafliii!,' ami flie other 2 eoidd 
not be ti,ieed. 


'I'he otlier method of tieatimr uleei.s is to tieat tiie aeeomiianyinir 
M ins 'I'his was done in all eases ineluded in this .serie.s Certain nion 
have slated that liitation .should imt be done in the presence of an ulcer. 
TJiey advise waitinj; until the uleer is healed before proeeedincr witii 
the liu'atioii. We believe that this is as wise a doctrine a.s waitincr to 
lif;ate a bleedinj: carotid artery until the jintient is in condition to 
stand it. In fact we have Hinted veins in eases in which ulcers had 


peisisted as loin; as twelve yeans, conservative Iherap.v being adminis- 
tered all this time by the advocates of thi.s doctrine a.s a preparation 
for ligation! We believe, therefore, in accordance with Kees (1940) 
and IjuUc (W-iO), llawhcs and Ilcwson (11)40) and many other recent 
writers that in cases of varicose ulcer ligation should be done to eure 
the ulcer. Of counsc, in the presence of acute iunammatioii, a few 
weeks’ jirejinrative treatment is wise. Furthermore, in ulcer cases, if 
test.s' indicate the Jiccessity for multiple ligations dovni ns far as just 
above the tilocr, only the upper ligations should be clone ns a first-stage 
Tlien later, if and when the nicer has licaled, persistent 
incompetent veins near 3t can be ligated or excised. 

ITnwl'PS and Ilcwson (W40) .stated in this regard; "It is remarkable 
i' ' . n.nVMv the pain will be relieved in an nicer following liga- 
to see how 1 ' . ^mtoward complications develop from the 

tion. ' ' c navi' n'-'- 

, I ..gpj nt Uic Henry Ford Ho-spltal, differs from the Unna 
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Normally, the allantois expands to form the primitive bladder, then 
courses anteriorly to open on the ventral surface of the embryo. The 
hind-gut is at the level of and posterior to the primitive bladder. 
Caudad to this region the minute continuation and extremity of 
the intestinal tract is knoum as the tail-gut. As early as the third 
M'cek, the bladder and the hind-gut empty into a common camty called 
the cloaca, Avhich is separated from the exterior by the cloaeal membrane. 
In the six--\vcek embiyo the urogenital groove is beginning to grow 
doumward and by the seventh week the urogenital and intestinal sys- 
tems have been partitioned by this groove. The cloaeal membrane is 
tlien divided into urogenital and anal membranes respectively, and by 
the eighth u-eck the urogenital membrane breaks down to establish an 




external opening. Iti the rcniou of the future anus an invagination 
dewdops nJiieh is known as the proet odeum. Normally, tlic anal mcm- 
II .me mptnies durine the eighth week to estahlish contimiity hot ween 
t !( prwtofh'uin and the anus. Any failure of the anal membrane to 
tircak down results in an imperforate anus. 

It Is .i[)p:iieiit tlial any arrest in the downward iwowth of the xivo- 
cenit.'d ttroovr, which should si-parato the intestinal tract from the 
niin.irx vxsliai, «i!l result in riwidual eonnminieatiiie fistulas (Fijr. lb 


CONGENITAL ]\IALFOK]\IATIONS OF THE RECTUM AND ANUS 

An Analysis of the Embrtological Background, Treatment and 
Results in 25 Patients 


Dwight E. Harken, M.D., Boston, SLiss. 

(From the Children’s Surgical Service of Bellevue Sospital, Feiu Fork City) 

T N 1858 Henrj" J. Bigelow, Professor of Surgery at the Harvard Medi- 
* cal School, said : ‘ ‘ Judging from results, I do not consider the opera- 
tion for imperforate rectum or even for imperforate anus, a desirable 
one. I believe that in the present state of the art it is better that a 
child born with either of these imperfections should die without this 
operation; although it must oecasionallj' be performed in deference to 
established opinion.” 

The scientific and personal criticisms evoked by this honest statement 
were almost annihilating. More than eighty years have elapsed since 
that able man voiced his discouraging counsel. The art has carried on, 
the technique has been improved and the science has forged ahead at a 
pace that not even he could have foreseen. Even so, eighty years later, 
surgeons must fear, at least privately, that he might today utter the 
same statement. 

The volume of isolated case reports in the medical literature is tre- 
mendous; however, there are few reports presenting any considerable 
number of cases. This is due to the fact that while not rare, these condi- 
tions are uncommon, occurring but once in eveiy 5,000 to 10,000 births. 
Unfortunately, the great majority of reports have presented individual 
malformations of the anus or rectum and their immediate or emergency 
surgical treatment. It is, therefore, difficult to obtain a fair assaj^ of 
the end results and almost impossible to evaluate specific types of mal- 
formations from the prognostic point of view. In short, it is difficult to 
know just how right Bigelow still may be. 

Our series of twenty-five eases is at once discouraging and gratify- 
ino- It has extended over a period of years .sufficient that a few facts 
rerated to therapy and prognosis in certain types of anomalies are be- 
ginning to become apparent. It is with this thought in mind that these 

cases have been reviewed. 

embryology 


These con<-enital malformations of the anus and rectum can be best 
\ i I -vLon viewed as peiwersions of cmbryological development, 
nderstood AUien excellent di.scu.s.sions of this aspect of the proh- 

here comments of Lewis,’ Arey,= I.add and ffross,’ and 

SSir^^Our working concept has been formulated from these sources. 

-^vea for publicairon. April 5. 
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The distribution of our twenty-five cases on tlie basis of this classifica- 
tion is shown in Table I. It will be oi)served that there are no rnal- 
formations of Type I. This finding is in sharp contrast to the figures 
given in the series of Ladd and fiross, who reported that more than 
13 i)er cent of tlicir eases fell into this group. This may be due to the 
fact tliat our cases do not include those treated in the out-patient de- 
l)artment. In our ex])crienee S6 per cent of the entire series was of 
Type III; tliis agrees with other reports from the literature. 


t.vbi.e I 

BiSTUini Tios or Forr. Tyrrs or AlAT.roRMATiON or EECTUii .vxp Axu.s, 
With am> Witiioct .Associated Fistelas 
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Fistulas may he associated with any of the four types of anal or rectal 
ilefects. The existence of fistulas, as has been ])ointed out, is explained 
by a failuie to ilevelop a comjiielc septum betueon the urogenital and 
intestinal systems liy the partitioning downgi’owth of the urogenital 
groove. It is to be exiicelod. then, that fistulas in the male might be 
<‘ither reetosesical or roctouvetbral in nature; whereas, in the female the 
fistulas might be rectovesical, rectonrethval, rectouterine, or rectovaginal 
in I.'JH'. .\ctuiilly these enibryologically anticipated fistulas are found 
clinically. Tlic rectovesical and rcctourotbral fistulas in the female arc. 
however, vein raic; the explanation apparently lies in tlie fact that the 
Miillerian duets take over existing partition defects in their downsvard 
growth In the female the low rectovaginal fistula and in the male the 
K'etoiircthral fistula arc much more frcipicntiy seen than any other 
t\])cs Tlie coiinnon types aie shown in Fig 2. 

In the present series fistulas were found only in Tyjic 111 eases. 
Seven patients, or 2^ i>ei cent, hud fistulas, (if these 7 patients. 4 were 
males ;ind all lu-eseiiled liie eonimon reetonrethral eomiminieations; of 
tlie .! females, all vveie found to hav<‘ the low rectovaginal tyjie of fistulas 
as shown in h'ig, 2 


TnWTMi'NT 


I he tnatnieul of these loelal anomalus is nhviouslv surgieal. Tlie 
extent Oi tins Mirgie.i! pioeedmemav v.irv fiom the in.uKeitent rupture 
of a ))ap»i.lluu i.etal or anal membrane, at tlie time of the postnatal 
l.etid examm.itam. to the most eomplex le'-oiiMnietive J.roeednie super- 
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The anal sphincters are derived from mesenchyme and are tlierefore 
independent in tlieir development from the ectodermal and entodermal 
origins of the anus, rectum, and intestine. The probable clinical signifi- 
cance of this fact will be considered in the paragraphs on surgical treat- 
ment and in the discussion. 



TYPE I 


TYPE II 


TYPE III 


TYPE IT 



TYPE III EECTAL 
ANOHOEY WIH EECM- 
EREUfflAL nSTOEA. 
(COI'OHEST HALE 
ElfcTOLA) . 



TYPE III EECTAL 
ANOHOLY EIIH HECTO- 
TACIHAL nSWlA. 
(COWONEST FBALE 
nSTOLA) . 


^ A r-lT-ssiflcation of anomalies as anangecl bv L^idd and Gross Type 1. 

it riintiire of the anal membrane oi stenosis fiom 1 to I cm abo\c Uie aim 
Incomplete natencv interrupted bj an anal membrane only Type III. 

Type II. an 'incomplete rectum, the laiee intestine ending- bllndb as a 

Imperforate tinus, also on i Apparently noimal anus and loyei rectal 

pouch -lAithm or aboAe tm peUis OAeiljing rectal pouch The trvo blind 

pouch but not PPIfiTllted bA°a tiiin membrane, oi consideiable tissue may intervene 
pouches inaA be occur in males or females, and in either sex the incidence 

Any of the abo\e *5 Pes maj occur^n anomaly in eithei sex is Tjpe III . 

of fistulas is ‘‘of fistulas m the two sexes are illustrated abo\e (After Ladd 

the commonest tjpes ui. m..-'. 

and Gross ) 


CLASSinCATIOX 


T^liP most lomcal classification available for the consideration of tliesc 

ntinns“has been presented by Ladd and Gross, ^ and more re- 

reviewed bv Berman.= Ladd and Gross divide tliesc rectal and 
ceiitlj leiievea u. ^ jj 

anal malformations m^ tbe'embryological concepts described above, 
explained on t ^ considerable tissue separates tlie anus from the 
TjTies ni and n , „£ ^,,c anal mem- 

distal rectal pouen, obliterative process 

brane to rupture. ‘ involve tlic posterior portion of the 

of the tail-gnt j*' onsible for considerable defects between tlic 
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the present series ivas adequately relieved by the nurse in the admitting 
office Avhen she took the routine admission temperature uith a rectal 
thermometer. 

In those patients ivith Types III and IV, where more tissue tlian a 
membranous diaphragm separate.s the anal area or pouch from the 
blind end of the rectum, a simple incision or direct perforation may be 
hazardous. In these it becomes essential to obtain a precise idea of the 
position of the rectal pouch. This can be determined by clinical and 
roentgenologic examinations. As the child cries or strains there may be 
no bulging of the perineum when the pouch lies higli in the pelvis, but if 
the defect is not great, the surgeon may obtain a fairly accurate impres- 
sion of the position by means of palpation alone. It is, however, un- 
necessary to guess about the position of the high-lying rectum for by the 
method of Wangensteen' an accurate localization can be made. Due to 
the fact that gas appears in the lai-gc intestine within twenty-four hours 
after bii'th, and will seek the distal blind rectal pouch when the child 
is held in the inverted position, the rectum can be clearly visualized with 
the x-ray by means of the tluoroscope or a roentgenogram. It may be 
expedient to mark the anal region with a coin or other suitable 
i-adiopafiue object. (Fig. 3.) 

Having determined the position of the end-gut, the surgical recon- 
struction is relatively simj)le. By making a longitudinal incision in the 
raplie, bleeding is held at a minimum. In view of our opinion that 
sphincter muscles exist in most if not all of these cases, it will readily 
be appreciated why we arc anxious to cut through the muscle-bearing 
area in but one place. This can be most conveniently done by be- 
ginning the incision well anterior to the anal dimple and carrying it 
])osteriorly into but not through the dimidc and therefore the sphincteric 
ring. In this way we hojic to cut only the anterior fibers. With the 
incision so placed, the iiroblem of finding the rectum should not bo great 
if the position has been accurately determined preoperatively by the 
above methods. The pouch is then freed from the surrounding tissue 
and brought down to the cutaneous margins where it is opened and then 
anchored with interrupted sutures. The ]icrineal hody is adequately 
restored by bringing the levator ani muscles together in front of the 
rectum with catgut sutures. The jirocedure described here is similar to 
that illustrated in I'ig. o Jl. .\s the meconium is sterile, the danger of 
infection is minimal. 

hollowing operation a tendency toward stenosis exists and. therefore, 
postoperative dilatation must be carried out faithfully. In some ca.ses 
if has been necessary to dilate the rectum and anus fu-st daily for weeks 
and later weekly for years. Fig. 4 jircsents a series of photograjdis of 
a p.Mlienf wlio serves as .-in example of this problem. .1 w.a.s l.aken wlien 
till' iutnut Was 12 hoin-s old. ami before the operation liad been per- 
formed. P, was taken tbree days after the operation, when the infant 
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SURGERT? 


It is not our purpose to discuss in detail all of the surgical procedures 
that may be useful in dealing with these malformations. Certain gen- 
eral principles, however, may he useful to the experienced surgeon in 
adapting his individual procedure to his specific problem; further sug- 
gestions are to be found in the excellent discussions of David,'* Berman,” 
and Chandler.” 






In Tvpcs II and IV vlicie thcie pcibist.s but a lliin anal or rectal 
diaphrai:m> 1^*^ obstiuetions may be adetiiiately relieved by simple longi- 
tudinal incision or by peiforation with a hemostat The last patient in 
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the present series ivas adequately relieved bj' the nurse in the admitting 
office M'hen she took the routine admission temperature with a rectal 
thermometer. 

In those patients ■with Types III and IV, v'here more tissue than a 
membranous diaphragm separates the anal area or jiouch from the 
blind end of the rectum, a simple incision or direct perforation may be 
hazardous. In these it becomes essential to obtain a precise idea of the 
position of the rectal pouch. This can be determined by clinical and 
roentgenologic examinations. As the child cries or strains there may be 
no bulging of the perineum ■^vhen the pouch lies high in the pelvis, but if 
the defect is not great, the surgeon may obtain a fairly accurate impres- 
sion of the position by means of palpation alone. It is, however, un- 
necessary to guess about the position of the high-lying rectum for by the 
method of Wangensteen^ an accurate localization can be made. Due to 
the fact that gas appears in the large intestine ivitbin twenty-four hours 
after birth, and will seek the distal blind rectal pouch ivhen the child 
is held in the inverted position, the rectum can be cleai-ly visualized with 
the x-ray by means of the fluoroseope or a roentgenogram. It may be 
expedient to mark the anal region with a coin or other suitable 
radiopaque object. (Fig. 3.) 

Having determined the position of the end-gut, the surgical recon- 
struction is relatively simple. By making a longitudinal incision in the 
raphe, bleeding is held at a minimum. In view of our opinion that 
sphincter muscles exist in most if not all of these cases, it will readily 
be appreciated why we arc anxious to cut through the muscle-bearing 
area in but one place. This can be most conveniently done by be- 
ginning the incision well anterior to the anal dimple and carrying it 
posteriorly into but not through the dimple and therefore the sphincteric 
ring. In this way we hope to cut only the anterior fibers. With the 
incision so placed, the problem of finding the rectum should not be great 
if the position has been accurately determined preoperativcly by the 
above methods. The pouch is then freed from the surrounding tissue 
and brought down to the cutaneous margins where it is opened and then 
anchored with interrupted sutiu’cs. The perineal body is adequately 
restored by bringing the levator ani mmscles together in front of the 
rectum witi; catgut sutures. The procedure dcsei-ihed here is similar to 
that illustrated in Fig. fi B. As the meconium is sterile, the danger of 
infection is minimal. 

hollowing 0]ieratinn a tendency toward stenosis exists and, therefore, 
postoperative dilatation must be carried out faithfully. In some cases 
it has been ncce.ssary to dilate the rectum and anus first daily for weeks 
and later weekly for years. Fig. 4 (>rcsents a series of photographs of 
a patient who serves as an example of this problem. .1 was taken when 
the infant was 12 Inmrs old, and before the oiieration had been per- 
formed. 71 was taken three days after the operation, when the infant 
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was 4 days old. C shows the same patient four years later with a per- 
fectly functioning anus altliough it is somewhat distorted by sear tissue. 
At the time of C the patient required dilatation once a month. These 
photographs illustrate a coexistent pseudohermaphroditism Avith the 
penis curled forward so as to resemble a clitoris. The bifid, lahialike 
scrotum contained tAvo apparently normal testes. This situation has 
been recently relicA^ed by means of reconstructiA'e procedures. 



Fig- 4. J. An infant 12 hours old v/ith an anal dimple ivhicli is Imperforate 13. 

Four days later, after an incision carried halfway through the dimple was made deep 
enough to extend into the overli mg rectal pouch C. The same child four years later 
with an open rectum and anus and a peifectly functioning anal sphinotei 


The surgical supervision of these congenital anomalies A'aries but 
little in the iiresenee of rectourethral or even rectovesical fistulas. In 
m3' OAvn experience as has been pointed out above, the fistulas Avere all 
of the urethral varietA'. A case in point, Avith a rectourethral fistula 
associated AA'ith a Type III malformation, has proA-cd particularl 3 - in- 


structive. This patient, now 8 3-oars old, had a colostomy performed 
immediatelv after birth, at another ho.spital; he Avas later transferred 
to this seiwiee. When he Avas 4 3'cars old the colostomy A\as closed and 


a perineal opening Avas established. Poslopcratively a rectourethral 
fistula became apparent because of a fecal urethral discharge. In addi- 
tion to this complicating fistula there Avas a severe rectal stenosis. The 
-eritv of a stenosis generally corrcsimnds. more or less, Avith the extent 
of the defect. In this patient the distal i-cctal pouch lay at the level of 
the pelvic inlet, so that the defect A\as considei-ablc. The ordeal of fre- 
t dilatation of the rectum, rather than the complicating fistula, 
fm- the eventual decision of the fainiK- to submit the 

AA-as responsime no 

child for further surgical treatment. 

. ii. ,M.nInn"-ed pci-iod of colonic irrigation the child Avns considered 
Aftei a 1 , Tlie urethra and rectourethral fistula Avere in 

rcadA- g ,,. solution of methylene blue, immediately before 

jected Avith an aqueou 
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the operation, the catheter being left in the bladder. Prepared in this 
manner, the child was taken to the operating room where through a 
longitudinal incision in the perineum, carried posteriorly into the 
rectum and anus, it was possible to expose the fistulous tract in its entire 
extent, which was then completely excised; the urethral end being 
loosely closed over the indwelling catheter. The rectal opening of the 
tract marked the lowest point of what appeared to be normal-looking 
rectal mucosa, so the tract and all of the .stenotic, scarred, and tor- 
tuous terminal rectum was exei.sed. The mobilization of the suprajacent 
normal rectal tissue was then quite simple and the mobilized segment 
was easily brought down to the cutaneous margins of the anus. This 
])rocedure served to excise the fistula, cover the fistulous site, and relieve 
the stenosis. During this reconstructive operation no evidence of 
sphincter muscle was found; therefore, it seems unlikely that rectal 
continence will develop. Since this operation, the patient has for the 
first time, however, shown some control. This control appears, however, 
to be a matter of gluteal rather than sphincteric action, so the operation 
may be regarded as a therapeutic failure. From the point of vierv of his 
rectal stenosis and rcclourefhral fi.stula, however, his treatment should 
1)0 I'cgarded as quite successful. 



’ 'F .’r'T''!’ u=t.ii for Uk- ro| ,iir of tho Tmjc III (fon.sile) icct.U anom.il\ 

ii-.«ocliil<<i with .1 riHtox .initial n-tiil.i. . 1 . Tlic iR-rmeiil \io\\ of '.uch ,i nituU anil the 
lintR.rfoiiiti .itiii.. Jt Tin 2ncl.5i{>n, the excision of tile fistulH, tlie mobilization of the 
''f'A Uii nconsimctlon of the hcrincal boil> with the lexator am muFcIei,. 
( Tie com|)letnl 111 vstic piocciiuie the \aRin,i h.is been reconstructed, tile perineum 
rlos(.,i. an, I th< amis hah been built In the site of the imperforate dlnipk- The 
sphim'lii has |„.,.n dii hh ,1 at one point to asoid destruction of the muscle 


i he only fisliiliis seen hy us in females ncre of the low vaginal variety. 
In these jialiciits, as is often the case, tiie fistula was of sufficiently large 
ciiliher to tiei'init the evacuation of feces during infancy. The opera- 
tions were performed at ages of 7. S, and :i ycni's. ivspcclivcly. This 
eomhiuation of veetoxaginal fistulas and the T\pc 111 anomaly is ilhis- 
I rated in Fig 2 

The three sketehes of Fig. 5 present our method of trcaliiig fho im- 
perforate anus of Ttpe in in whieli there exists a low reelovagiimi 
llslnla Tile meision is eairie.i from the fistula jmsteriorly in the raphe 
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into, but not through, the anal dimple. The rectum and fistula are 
readily exposed in this way and may be completely mobilized. However, 
the opened free end of the fistulous tract has been found to be unsuit- 
able for the recoiistructive procedure and should be cut away. The 
free rectal pouch can then be brought down to the cutaneous margins 
of the anal dimple and anchored there with interrupted, radial sutures. 
This gives a complete rectovaginal septum and the perineal body can 
be constructed by bringing together the turn levator ani muscles, with 
catgut sutures, in front of the rectum. In the three cases this operation 
has proved satisfaetor}^ from the point of view of rectal and anal patency 
as well as sphincteric control. 

It is interesting to note that Diffenbach, of Vienna,® performed an 
operation similar in all essential respects to the one outlined above as 
early as 1826. 

DISCUSSION 


From my comments on the surgical treatment of these patients it will 
be noted that the importance of the perineal approach is emphasized. 
By means of digital and roentgenologic examinations that have been 
described, it is possible, I believe, to localize the blind end of the rectum 
wdth mathematical precision. The physiologic and psychologic advan- 
tages of a normally placed distal intestinal opening not only warrant 
but dictate heroic measures to bring about a normal anatomical rela- 
tionship of the parts. 

Numerous comments have been made in the past about the congenital 
absence of anal sphincters. As has been pointed out in the above section 
on embryology, the sphincter muscles arise from mesodermal com- 


ponents; -whereas, tiie anus and rectum are of ectodermal and ento- 
dermal derivation. This thought alone might lead us to question the 
accepted order; namely, tliat anal and rectal defects are frequentlj' 
associated with the absence of the sphincter. To be certain, it is com- 


fortino- in the face of the tragedy of rectal incontinence to feel that 
there was a preoperative and congenital absence of sphincters. Yet 
careful consideration of such cases may, and often does, reveal other 
adequate reasons for this incontinence. In other rectal surgery we are 
loath to incise the sphincter muscles at more than one point lest damage 
to those muscles result, yet in the surgciy of the absent rectum or anus 
such care is not stressed. It is, tlicn, perhaps fair to ascribe some of 
these misfortunes to destructive surgery. In my ovm cxiiericnee, the 
• tanees of persistent incontinence liave occurred in eases where tiic 
nroeedure was a colostomy and in which the ])crineal opening 
ekablishcd yeai-s later. This suggc.sts tlic possibility of tlie atrophy 

Tf^disii in thespbincter muscles. 

. u In siinnort hr direct testimony the belief that sphincter 

JrfL 
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able proportion of patients the presence of a completely adequate 
sphincter is amplj' demonstrated bj' clinical examination and functional 
test; these, however, are not the cases in point. The instances that have 
given rise to this controversy are generallj' of Type III, where there is 
an anal dimple and a considerable underlying defect. In these patients 
palpation, though unsatisfactory, leads one to expect no subjacent 
muscle. This was precisely the clinical picture that was presented by 
a recent patient on our service. The infant had had a colostomy per- 
formed in another hospital because the surgeon in that institution had 
felt that there Avas no clinical evidence of an anal sphincter beneath 
tile anal dimple. This infant died shortly after admission. Fig. 6 
shows the anteroposterior and lateral x-ray vieAvs after instillation of 
barium solution into the colostomy. The radiopaque mixture is seen 
coursing through the reetourethral fistula into the urethra and up into 




Anteroposterior anil lateral x-ray sliadows demonstrating a Type 111 
nnoma|> combineu a rectourt>thral flstula. This opaque solution -was introduced 

ihrouKh a colostonij opening and has outlined the rectal pouch, reetourethral fistula, 
and the urethra. 


the liladdcv. Fig. 7 depicts the necropsy specimen taken from the same 
patient. The rectal ])ouch, fistnlons tract, bladder and urethra, and the 
perineum have been removed intact, and tlien exactly liemisected. This 
Rives a pathologic specimen Avhich demonstrates precisely the anomaly 
illustrated by the male fistula diagram in Fig. 2. Careful dissection 
failed to demonstrate any perianal muscle ti.ssue, but the existence of a 
spliiiietcr was established by means of the microscope (Pig. S). 

1' iiially, it must Pe said in this discussion of the congenital absence of 
anal spluiicteis that our ehnieal imiiression is that most, if not all. of 
these patients are normally equipiiod Avith anal sphhietcrs. Onr em- 
IiiAologien! and hislolngieal evidence would seem to support this clinical 
()bser\ at ion. 

'I'be \avimis surgical jiroeeduros have been briefly reviewed. Depend- 
ing upon the type of the malforinalioii, tlicsc patients fall into tAvo 
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groups. The first group of patients requires emergency surgery because 
of the obstruction; those in the second group have fistulous tracts that 
permit the postponement of operation. 

In those requiring emergency treatment because of obstruction it 
would seem preferable to consider the emergency as one demanding 
surgical intervention within the first few days, but not necessarily 
within the first few hours, of life. This simple concept might eliminate 



_post-mo.ton, ffi. ‘H. 


hral nstula. anu 

• • 1 to sur-Mcal intervention in the home and it migli 

c casualties mci c j|.,g,.c''eomplcto examination in tlie hospital and 
itain for the , „,,sideration. 

ore deliberate siugi < j-cconsinietive operations 

The second group, thos satisfactory 

■rfomed as ’ ' 
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group. In our series of cases this group was made up of hut 3 patients; 
these were all of Type III in females with Iom^ rectovaginal fistulas as 
illustrated in Fig. 2. IMany surgeons have advocated waiting for the 
reconstruction until these children are from 6 to 8 years old, ivhen the 
structures are larger and more substantial; we have done so twice. 
Hoivever, in our last patient the reconstruction operation demonstrated 
in Pig. 5 proved eminently satisfactoiy at the age of 3 years. From 
this limited experience we are convinced that there is no real advantage 
in waiting more than two or three years and we also feel that the pos- 
sibility of atrophy in a nonfunctioning anal sphincter may, in itself, 
prompt the earlier operation. 



pis- S. rhuloni(cro»:r:ii>h aoinon'^lratin;? pfii.mal niu'.clu Liner irnniediatcly 

ai)o\o f*wncularKou«' plnTids. This i'* interpioieil sphincter nuiscle. 

hen poNsihle, it is well to attempt the suture of the divided .sphincter 
•liter ancliorimg the rectum in the newly formed anus. The importance 
of dividing the .s])hinclcr at hut a single point has been stressed often 
in considerations of rectal surgery in general; ne feel that this sound 

principle is no less significant in the treatment of the.so congenital mal- 
formations. 


AN.M.YSIS or <.'.\sr.s 


In a scries of 2.') cast's. 10 jiatients. or 40 j»er cent, have lived. Seven 
of the-e are regarded as having satisfactory result.s. due to the fact that 
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all fistulas are closed and that all of the patients liave rectal control. 
Three of the results are regarded as unsatisfactory due to rectal in- 
continence. 

Of the 15 deaths, 5 must be regarded as surgical, although 1 infant 
was brought to the hospital in a terminal condition following an in- 
complete and unsuccessful perineal operation in the home by the family 
ph3"sician. 

The 4 other infants died in the hospital; 2 were found to have mul- 
tiple congenital anomalies, 1 developed bronchopneumonia, and the 
fourth died of hemorrhagic disease of the newborn. 

The 6 remaining patients who eventually died were all discharged 
from the hospital in good condition but died within five months. Two 
of these died from undetermined causes; 1 two weeks and the other five 
months after discharge. The third patient was discharged in good 
condition but returned a few days later and died on admission; as no 
necropsj"- was obtained the cause of death was not conclusively estab- 
lished. The fourth infant expired with laryngotracheal bronchitis five 
months after leaving the hospital. Approximately one year after dis- 
charge the fifth patient died in another hospital following the surgical 
correction of a rectourethral fistula. The last patient died from hemor- 
rhage following dilatation of the rectum in the home. 


SUMMARY 


1. Twenty -five cases of malformation of tlie rectum and anus have 
been reviewed. 

2. These malformations reiirescnl ari'csts and perversions in emhrvo- 
logical development. 

3. Of this series of patients, 21, or 84 per cent, were found in males; 
4 or 16 per cent, were found in females. Seven of the males liad asso- 
ciated rectourethral fistulas; 3 of the females had a.ssocinted rectovaginal 


fistulas. 

4. The surgical measures most useful in the treatment of these con- 
ditions have been briefly reviewed. 

5 The most satisfaetorv therapeutic results may be expected in those 
patients having only a thin obstructing diaphragm and in liic females 
with large rectovaginal fistulas that allow postponement of the operation 
until the patient is from 1 to 3 years old. 

6 The clinical impression that most, if not all, of these patients have 
normal anal sphincters would seem to be sui)poi-led by embryological 

and histological evidence. 

- Ten of the ^5 patient.s. or 40 per cent, are still living. Seven of 
the‘25 patients, or 28 per cent {7 of the 10 living patient.s. or 70 per 
are regarded as clinical cures and have good rectal control. 

? These patients suffer a high noiisurgical mortality, partially due 
to the high incidence of associated congenital anomabe.s. 
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9. Physiologic and psychologic factors justify heroic measures to 
establish the nomal anatomical relationships in malformations of the 
rectum and anus 

The author is greatlj indebted to Dr Fennick Beektnan, Director of the Children’s 
Surgical Service of Bellevue Hospital, for his thoughtful counsel and guidance in the 
sludi of this subject and these patients The cooperation and suggestions of Dr. 
Douglas Sjmmers. Director of Laboratories. Department of Hospitals, New York Cit>. 
in the preparation of the pathologic studies and the preparation of the embrv ological 
discussion bj Dr George Husser. Universit> of California Hospital, San Francisco, 
Calif , are also v erj much appreciated 
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BONE TUMOES WITH EEPEEENCE TO THEIR TREATMENT* 


Murray ]M. Copeland, M.D., Baltijiore, Md. 

(From Department of Surgery, Johns SopTcins Medical School) 

TN APPRAISING any method of therapy it is necessary to know tlic 
essential pathology, the natural history of the disease, and what in- 
fluence specific therapy may liave upon it. Tlie classification of bone 
tumoi’s based iipon the relation of bone development and subsequent 
tumor formation separates the tnmoi-s into specific types, each of which 
follows a definite course. A survey of these groups reveals more ac- 
curately the effect of ti'eatment, and prognosis is thus placed upon a 
sound basis. 

CLASSrPICATION 


I, Tuinors devived from prccarfiiaginoiis connective tissue 

a. Osteochondroma 
h. Chondroma 

c. Primary chondromyxosarcoma 

d. Secondary chondromyxosarcoma 

e. Osteoblastic osteogenic sarcoma 

II. Tumors related to .subsequent cartilaginous growth 

a. Bone cyst 

b. Benign giant cell tumor 

c. Chondroblastic sarcoma 

d. Osteolytic osteogenic sarcoma 

III. Certain tumors of nonosscous origin intimately connected 
with the bone 

a. Ewing’s sarcoma 

b. Multiple myeloma 

c. Fibro.sarconia 

d. Metastatic carcinoma 
c. Angioma 

f. Bccurreiit myositis ossificans 

g. Iland-Schiiller-Christian’s disease 


For n full description of the types of tumor.s, one is referred to itre- 

eious publications.’-'’ It is the purpose of this CO 
1. TtrtC’f cnifnrl +’ni* llin IlllllOl’. 


cions pum.eu.. ....... ' communication to empha- 

size tlie treatment best suited for the tumor. A brief .survey will be 
1 ncn/-l SlllfT 


size the tmuineiu ... 

riven of cacli group, the treatment u.scd, tind wliere irradiation seemed 
■f tlic plivsieal agent used. No comiuehensive rtile can lie laid 

-lown as to whether a tumor proce.ss is radiosensitive. Exi.erience htis 
nr liest tcaclicr as to the behavior of tumors under radiation. A 
iXr lesson has been learned in that n.diosensitivity does not j.arallel 
1 Tfw Tlie term, radiosensit ivity. is a relative one. A shift 
i-adiocuran i . . ^ pliysieal agent, either x-rays or radium, 

in the tcchniqi ^ u.nu'e in the response of the tumor to the agent. 

525 ^"'’-'^ TZ . 1 * 

Sc<r/^r put.lic.-..mn. June 3, 
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I. TUMORS DUROXD FROM PUEC\RTIL\GIXOUS COXXECTRE TISSUE 

It may be said in geneial that tumors ot this group are not radio- 
sensitive, while isolated examples may be pointed out m which the 
growth of the tumor has been affected bj* irradiation, or nhere the x-rays 
and gamma rays liave been used successfully as an adjunct to surgery. 

Os/eoH!rt or ostcochondioma is primarily a surgical problem nhen 
treatment is necessaiy. This is tlie largest group of benign tumors aris- 
ing from precartilagmous conneetire tissue in the skeleton.'' ® 

These neoplasms are most frequent near the ends of the long bones 
of patients bctnecn the ages of 30 and 25 years The distinetue diag- 
nostic features are the pedicle of normal bone protruding from the bone 
cortex and the rim of cartilaire oreilajing it A similar structure may 
be seen mieioseopically. In the x-ray picture is depicted the compact 
differ entiated outmonth of bone and an orerlaying cartilaginous cap 
tlceked r\itb calcium. Cases of single osteochondromas uithout symp- 
toms fiequently go unnoticed. Thej maj be left untreated but should 
be Matched by inter \al x-ray examinations, since they may undersio 
secondary malignant change, pai ticularly after the age of 30 years 
Ilistogeneticall.r, an exostosis represents a tailuic in the accurate ap- 
proximation of tendon and coitex, with proliferation of cartilage from 
tile tendon and piotrnsion of pi-olifeiating eoitex .Simple excision 
usually snfhces to cuie those ostcoebondi omas which produce pain or 
d\ sfunetion 

In the hoieditary or multiple exostoses’ ' ® ticatment is moie difficult. 
The regions most fiequently and sereiely affected aie those of the 
foio.iim and foicleg, tlic bones of which ma> be fused at one point 
Tile piognosis as tar as life is concerned is good, but theie is no adequate 
form ot lieatmcnt except operation for collection ot deformities as in 
single ostcochondioma. In a few cases with multiple skeletal iinohe- 
imnt, 1 hare obsened secondary malignant change in the eai tilaginous 
giowths lesulling III death fiom chondioiin xosaieoma X-iay oi i.idium 
tlieiain phi.'s little lole in the ticatment of these cases 

(Itinidi oma is a common t>pe ot eaililaginous tumor often classified 
with the benign exostoses' ' It oecui-s m the small bones of the hands 
and feet. ,ilso in the spine, iibs. and stennini In the small pqic bones 
It aiipeaiN as a eeiitial lesion with laiefaction, \isible in the locntgeno 
giani as a e\stii aiea. within a shell of eoitieal bone It is rarely 
niultiiile and laieh affects long bones hi deciding whethei a ]iartieiilar 
chondioni.i is to be heated fiom the benign oi malignant standiioint. the 
ioeatioii and not the i>,ithologi<. changes must be gi\en piiniaiy eoii- 
sideiation ('hondtomas in the small bones of the hands and feet aie 
to he iookui nimn as benign lesions euiable b\ thoiougli extiipation 
(emitting and .auteii/alion i Tuie c hondiomas of huge sue oeeuniiig 
.iboiit th( steiiuuii OI spine oi m tile long Ixnies must he looked upon 
as pot(ntiaU.\ malignant Tbe\ should be union d if jmssible X-ray 
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(From Department of Surgery, Johns Hopkins Medical School) 

TN APPRAISING any method of therapy it is necessary to know the 
essential pathologj', the natural history of the disease, and what in- 
fluence specific therapy may have upon it. The classification of bone 
tumors based ui^on the relation of hone development and subsequent 
tumor formation separates tlie tumors into specific types, each of which 
follows a definite course. A suiwey of these groups reveals more ac- 
curately the effect of treatment, and prognosis is thus placed upon a 
sound basis. 

classification 


I. Tumors derived from iirecartilaginous connective tissue 

a. O.steochondroma 

b. Cliondroma 

c. Primary cliondromy.Kosarconia 

d. Secondary' ehondromyxosarcoma 

e. Osteoblastic osteogenic sarcoma 

II. Tumors related to .subsequent cartilaginous growtli 

a. Bone cyst 

b. Benign giant cell tumor 

c. Chondroblastic sarcoma 

d. Osteolytic osteogenic sarcoma 

III. Certain tumors of nonosseous origin intimately connected 
vitli the bone 

a. Ewing’s sarcoma 

b. Multiple myeloma 

c. Fibrosarcoma 

d. Metastatic carcinoma 

e. Angioma 

f. Kecurrent myositis ossificans 

g. Hand-Schiiller-CIiristian’s di.scasc 


For a full description of the types of tumors, one is referred to pre- 
ions publications.''” It is the purpo.se of this communication to cmplia- 
ize the treatment best suited for tlic tumor. A liricf .survey wifi he 
■iven of each group, the treatment used, and where irradiat ion seemed 
f benefit the phvsical agent used. No eomprelicusive mile can be laid 
lown as to whether a tumor process is radiosensitive. E.sperience has 
icen our best teacher as to the behavior of tumors under radiation. A 
itter lesson has been learned in that radio.sensitivity does not jiarallel 
1 -utv The term, radiosensitivily, is a relative one. A .shift 
adiocuia n . • • j „ ^iic pJiv.sieal agent, either .\--ray,s or radium, 
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change appears as a fnzzy infiltrating periosteal shadow flecked with 
calcium. Destruction of the cortical hone follows, occasionallj’ with 
pathologic fracture. 

Microscopically, the tumor is composed of cartilage, large amounts of 
myxomatous tissue, calcified cartilage, and proliferating connective 
tissue elements. The age of onset is much later than in primary chondro- 
sarcoma, usually over the age of 25 years. The upper humerus, ribs, 
and heel are frequent sites of origin. Of 18 cases (26 per cent) svu’viv- 
ing five years or more up to 1935, 6 patients received irradiation : 2 in 
combination with eurettement onlj' and 4 witli resection only. In 4 
cases with resection and no irradiation the patients have survived five 
years or longer. Eight cases had primaiy amputation. It would seem, 
therefore, that while irradiation may be of benefit as an adjunct to 
surgery, the relative benignity of the lesion plays a more important role 
in the cure of the tumor process. 

Osteoblastic Osteogenic Sarcoma . — This is the most highly differen- 
tiated type of osteogenic sarcoma.’’ -• Fibrous elements may pre- 
dominate microscopically, but usually proliferation of osteoblasts and 
new bone formation are seen, with rare islands of cartilage. This tumor 
is most frequent between the ages of 15 and 25 years and is usually 
situated in either the lower end of the femur or the upper end of the 
tibia. Other locations arc the upper humerus, ribs, vertebrae, and pelvis. 

The x-ray picture is characterized by dense, radiating, new bone in the 
periosteal zone, giving a “.sun-ray” appearance. Later tlie medullary 
cavity is obliterated by tumor bone with some secondary destruction of 
tlic cortex. Histologically, the tumor is composed of large osteoblasts 
with a conglomerate scattering of osteoid substance (Pig. 2). Cures 
have been achieved in 26 per cent of tlic cases. Of IS patients surviving 
five years, 5 received irradiation as an ad,iunct to surgery (largely 
amputation). In 1 individual, with a lesion in the lower femur, follow- 
ing exploration and chiseling away of the tumor, the area wa.s exposed 
to the radium pack. Later the leg was amputated. Tliis patient sur- 
vived twelve years after tlie amputation. This result again may be 
attributed to cell differentiation with .some natural restraint factor 
present. 

Prom this study it becomes increasingly clear that the cell differentia- 
tion of the tumor process plays an important role in the {irognosis and in 
addition, that radical extirpation is the procedure of clioiee. 

ii. TUMOim ur.i,.vTr,i> to srnsuqrr.NT r.sRTii.AOixors (inowTii 

Umic C’lsl .’' — The benign solitary bone cyst is frequent in chil- 
dren under the age of 18 yoai-s. It usually oeeui's in the shaft near the 
upper ends of the humeru.s, femur, or tibia and runs a j)rotrneted and 
benign eoui'se. Pnlhologie fracture is the only acute phase of the <n.sease 
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or leleradium therapy has been of benefit in retarding the growth in 
four cases. One patient survived eighteen j^ears after diagnosis, with 
repeated series of x-ray treatments. 

Primary cliondromyxosarcoma is a form of periosteal osteogenic sar- 
coma.^- It arises primarily in 5 mung patients (aged 14 to 21 years) 
and at the sites where tendons insert directly into the bone. The favorite 
sites are about tiie hnee, in the lower femur or upper tibia, also at the 
shoulder and pelvic girdles. The neoplasm is composed of tumor 
cartilage, some ossification, and areas of cystic destruction (Pig. 1, A 
and B). In the x-ray it appears as a subperiosteal shadow streaked 
with ealcium spicules. It does not involve the cortex until late in tlie 
disease, causing bone destruction. Permanent cures in this group aver- 
age 9 per cent. Three of five cases surviving five years or more re- 



1. — Photomicrographs of primar^- 
embryonic connective tissue with the 
fptal cartilage cells: S, fully develop 
m^om^tous tissue. This tumor is highly radioresistant. 


'lowing A, proliferation of 
matrix containing many 
cells with areas of fetal 


ceived irradiation in conjunction with amputation. All surviving 
patients had amputation performed, suggesting ii-radiation liad little or 
no influence on tlie results. Irradiation, liowevcr, relieved pain in many 
instances and reduced soft part swelling. 

Secondary chondrosarcoma is a malignant lumor arising on the basis 
f r.rp-cxistin" chondroma or o.sfeoehondroma, oeensionnlly complieat- 
° Paerct’s disrase or hereditary ehondrod 3 -spla.sia.>' ”• >= Ufost of the 
^.tients are between the ages of 35 and 55 years. The loeation.s of the 

^ 1 o tPiidencv for the regions about the upper Inunorii.s, mbs, 

tumor siion a . 

and heel to be nn'otveu. 

femur, ‘ „jctnrc it is most ea.sily diamioscd where a poi-tioii of the 
Inthc-x-ra) I and where the .sufierimposcd malignant 

primary lesion stiu 
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change appears as a fuzzj’ infiltrating periosteal shadow flecked with 
calcium. Destruction of the cortical bone follows, occasionally with 
pathologic fracture. 

^Microscopically, the tumor is composed of cartilage, large amounts of 
myxomatous tissue, calcified cartilage, and proliferating connective 
tissue elements. The age of onset is much later than in primary chondro- 
sarcoma, usually over the age of 25 years. The upper humerus, ribs, 
and heel are frequent sites of origin. Of IS cases (26 per cent) survh'- 
ing five years or more up to 1935, 6 patients I’eceived irradiation : 2 in 
combination with curettement only and 4 with resection only. In 4 
cases with resection and no irradiation the patients have survived five 
years or longer. Eight eases had primary amputation. It would seem, 
therefore, that while irradiation may be of benefit as an adjunct to 
surgery, the relative benignity of the lesion plays a more important role 
in the cure of the tumor process. 

Osteoblasiic Ostcogoiic Sarcoma. — ^This is the most highly differen- 
tiated tj^je of osteogenic sarcoma.’’ ” Fibrous elements may pre- 
dominate microscopically, but usually proliferation of osteoblasts and 
new bone formation are seen, with rare islands of cartilage. Tliis tumor 
is most frequent between the ages of 15 and 25 years and is usually 
situated in cither the lower end of the femur or the upper end of the 
tibia. Other locations are the upper humerus, ribs, vcrtehi-ae, and pelvis. 

The x-ray picture is characterized by dense, radiating, new bone in the 
periosteal zone, giving a “sun-ray” appearance. Later the medullary 
cavity is obliterated by tumor bone with some secondary destruction of 
the cortex. Histologically, the tumor is composed of large osteoblasts 
with a conglomerate scattering of osteoid substance (Fig, 2). Cures 
have been achieved in 26 per cent of the cases. Of IS patients surviving 
five years, 5 received irradiation as an adjunct to surgery (largely 
amputation). In 1 individual, with a lesion in the lower femur, follow- 
ing exploration and chiseling away of the tumor, the area was exposed 
to the radium pack. Later the leg was amputated. This patient sur- 
vived twelve years after the amputation. This rc.sult again may be 
attributed to cell differentiation with some natural restraint factor 
present . 

From tliis study it becomes increasingly clear that the cell differentia- 
tion of the tumor ])rocc.ss plays an important role in the prognosis and in 
addition, that radical extirpation is the procedure of choice. 

u. Tt'Moits i!r.i.\Tr,i> TO srn.sKQnx<T c.MtTii.w.iNors r.nowTic 

Hone C'gsf.’’ ' — The benign solitary bone cyst is frequent in cliil- 
dren under the age of years. It usuallv ocoui's in the shaft near the 
upper ends of the luuumis, femur, or tibia and runs a protracted and 
benign course. Pathologic fraetuve is the only acute j.hasc of the disMso 
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and probably tlie most frequent reason for consulting 
x-ray picture shows a central expanded bone defect, 
regular in contour. 


a physician. The 
symmetrical and 


Mieroseopieally, a healing bone reaetioii is noted about the cavity 
which may be lined by fibrous tissue. It usually is filled with straw- 
colored fluid or remains of old hemorrhage. Some cysts are trabeculated 
Spontaneous arrest of the lesion without obliteration of the cavity 
results in the latent bone cyst. Fracture through the evst usually 
results in healing. 



0 photomiciogi aph showing large tumor osteobIa‘?ts and the o'^tooul intercellu- 

lar substance typical of scleiosmg osteogenic saicoma. Thl^ tumor is ladioic'tlstant 


Variations of the simple bone cyst may be encounlerecl : 

1. Giant-ccU vannnt of the bone cyst’* in whicli Die duration of 
symptoms is found to bo .shorter; located invarialily near tlio epipli.y.sis 
of the bone on the metapbyseal side. It is most commonly found 
in the o-reater trochanter of the femur and lower radius. In Die x-ray 
it is polycystic in character, more snheortieal flian central, and most 

frequently trabeculated. , ci < , • • 

Vicroscopicallv. the walls are lined hy tdirous stroma containing 
‘ , ■ f foils Hemorrhage is common. Tiicsc lesions 
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2. Polycystic osteitis fibrosa,'‘' - a multiloeular structure occurring 
either as a single lesion or with generalized osteitis fibrosa eystiea. The 
cysts also occur near the epiphysis on the metaphyseal side, but extend 
over a considerable area of the bone shaft. The duration of symptoms 
averages about five months. In the x-ray they appear as an aggregation 
of small cy.sts, which have more or le.ss coaleseed, giving a polycystic 
appeai’ance with some expansion of the cortex. 

Histologically, there are many small cysts, usually filled with blood 
and surrounded by giant cells. Vaiwing amounts of fibrous ti.ssue may 
be seen. 

3. M'liltiplc osteitis fihrosn cystica, a generalized demineralization of 
bones due to hyperparathyroidism.^’ Rarefaction of bone, bending 
deformities, cystic tumor areas, and fractures are noted. Bone involve- 
ment is most pronounced in the pelvis, spine, and long bones. The 
microscopic picture may show typical giant-cell tumor or healing bone 
reaction, depending on the activity of the disease. 

The prognosis as to life is good in all forms of bone cysts and osteitis 
fibrosa. 

In the solitary bone cyst of the adult in which symptoms are absent, 
no treatment is indicated. 

In the solitary' bone cyst of young people, where fracture has occurred 
and the position of the fragments is .satisfactory, .simple fixation gives 
a good result. 

If the lesion is ])rogi'e.ssivc after several months, exploi'ation and cu- 
rctlement, followed by chemical cauterization, is indieated. Bone chips 
or crushing of the bone shell may he u.scd to obliterate tlie cavity. 

In the acute bone cyst (giant-cell variant) moderate amounts of x-ray 
therapy given in divided dose.s“ is considei-cd adequate treatment. 
Should irradiation fail, oi)erativc interference may be necessary. Pri- 
mary curettement and cauterization yield excellent rc.sults. Irradiation 
followed by surgical ])roeedures gives le.ss .satisfactory healing in the 
aggre.ssive hone cy.sts. 

In multiple osteitis fibrosa the po.ssibility of parathyroid tumor must 
be niled out, and if suspected, the region of the glands should be cx- 
))lored surgically or irradiated. A diet rich in calcium, jiho.splioni.s, 
and vitamin I) is a ncce.ssary ad.iunel to the thci'ajiy. 

lliniyn Ciuittt-t'tll — An epiphyseal lesion occurring after 

the age of 18 years. It is most frequent in the lower end of the femur, 
upper etui of the tibiii, tmd lower end of the radius. 

The duration of sym])loms averages fourleen months. The .sctpieneo 
of events is trauma, jiiiin. tumor, tind ocejtsionally pathologic fracture. 
In the x-r;iys tin etirly gitint-eell tumor shows a defect situated tisvm- 
nielrictdly in an ejiijiliysis. The tlefect is surrouiuled by ;i hone shell 
which tiuiy be perfovtiled. The lesion is progressive tind in a few 
lu.’iv show snrconiatous fli'uoncr.'itioiK 
^f^croseopic;lUy. the Innmr is eomposed of large multimielealed ghint 
,.„u.. jji small nnmd cells. The giant ceils tivcrnge 
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over 30 per low-power field and the number of nuclei per cell varies 
from 15 to 200. The giant cells are more numerous about hemorrhage, 
spicules of old bone, or small ej'stic areas (Fig. 3). There are a number 
of variants of giant-cell tumor. Certain lesions of sesamoid bones and 
in the jaw about the teeth are related imthologieally to giant-eell tumor. 



O •Dv.nir.mi.'rocranh of giant-cell tumor Giant cells are embedded in n 
raum/ceUs and spindle cells Man^ small blood vessels arc present 
I)'^mage°to tlicse™apillaries lepresents a factor in the radiosensitivity of this tumor. 


Perhaps 85 per cent of giant-cell tumors can be accurately diagnosed 
the' history phvsical examination, and roentgenograpliie studies. 
There is increasing evidence, honever, that a definite percentage will 
low maliirnant degeneration.-- ==■ - Because of this fact any doubtfu 
Sirov ma bwpsied, follovcd by thorough cuicttcment 

Td eSm-i^ation if benign, or by such radical procedure as may be 

indicated "T-f Te Ireatmcnt of giant-cell tumor has liecii inercasing 

Coiisertansm in consider the economy of time, surgery 

.since 1912."'' loice-'’'' I” a in’i'iary case, not loo advanced, 

is the proceduie o ci^^ cantcri/alion is advocated, especially in llie 

curettement follovcu • j,, arhanecd lesions of the ulna, fibula, 

lou-er femur and the nppoi tm . ■ 
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Oi’ radius, resection or irradiation may be used. Eecurrences may be 
troublesome and call for further curettement or even resection where 
possible. They are usually due to incomplete removal, perforation of 
the bone shell, or declining reaction of the cortex due to age. 

Many giant-cell tumors are radiosensitive, but the mechanism of re- 
sponse is not well understoood.^® Opinion varies greatly on the efficaej 
of irradiation %'ersus surgical intervention in benign giant-cell tumor. 
It is well established that certain lesions irradiated alone or treated by 
surgery alone heal perfectly, but the combination of the two is not 
advocated. !Many unfortunate I’csults have accrued from .such com- 
bination of therapy. 

Results by irradiation ai'c less favoi’ablc in the weight-bearing bones. 
Suberjiihema doses of irradiation, given with sufficient intervals of time, 
are an important factor in avoiding deformity and other complications. 

There are many giant-cell tumors Avhieh are inoperable because of 
their location or extent of the disease and in which x-i'ay therapy will 
adequately control the process. 

Irradiation should be given .sparingly near an epiphysis of a grow- 
ing bone. 

Pre- and postoperative x-ray therapy have little place in tlie treat- 
ment of giant-cell tumor. 

Chondroblaxtic Sarcoma . — This is a rare osteolytic variaiit of osteo- 
genic sarcoma, sometimes erroneously called cartilaginous giant-cell 
tumor.’’ It arises from a proliferation of cartilage, at the epiphyseal 
line, during the age of iniberty. It may be seen about the upper end 
of tibia, lower end of femur, and \ipper end of humerus. The dura- 
tion of symptoms prior to operation averages five months. 

In tlie x-ray picture there is a characteristic mottled cystic area of 
l)one destruction, with expansion of the bone shell and usually .some 
periosteal reaction. Not infrequently the tumor bears a marked simi- 
larity to giant-cell tumor. 

Microscopically, one sees ma.s.seK of young and adult cartilage under- 
going calcification, with areas of uncalcified matrix. The tumor is ex- 
tremely vascular. Near the vascular areas and about the jicriphery of 
the cartilage numerous giant-cell osteoblasts are seen (I'ig. 4). Many 
of tlie.so tumors arc quite malignant, but irradiation has been a most 
effective method of treatment in many of the patients who have s\ir- 
vived. In fact, in the majority of ea.ses the cures which are recorded 
arc largely due to x-ray and radium thcra\>y. The lesion is not par- 
ticularly radiosensitive and rc<iHires lacge amounts of irradiation to 
control it. Three of fi five-year survivals are attributed to the use of 
x-ray and radium without curcttcmcnt. An amimtalion alone proved 
snceessfiil in l case. U. tlicref«»rc, seems lo'gical to recommend radium 
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or x-ray therapy (Coiitard method) following exploration, unless the 
tumor occurs in a hone which can be resected without sacrifice of 
function. 



p.g- 4 Photomicrograph of cliondioblastic .'i.aicoma. Note the proliferation of 

oiinniWoblasti -nith small amounts of calciflcd cartilage. Giant-cell imasion about the 
area ^ cSlcfflSition is taking place. While not ladiosensitive, the majority of n^e- 
year suiMVals in this tumor have been effected bj intensue irradiation. 


Osicohjtic Osteogenic iSorcowm.— This is a deslruclive tumor arising 
in the region of the marrow cavity in the sliaft of the long bones.’- ' 
It seems to be related to the formation of eaneellous bone which nor- 
mallv follows in the wake of calcified cartilage. 

Clinically the tumor is usually oliscrved alioul one year after tlie 
liccrinniim of svmptoms. It has a wide ago distribution, being most 
frcniient^in voung adults. The tumor lia.s an unusual tendency to 
Loire the shaft and to produce a patiiologic fracture. 

The roent-cnograms may be hard to interpret and arc often con- 
fused with benign bone cy.st, giant-ccll tumor, metastatic carcinoma, and 

EYung s sal comm ^ features in the x-ray film are the melting away 
The disting ■ j,. 

and perforation o pi-esencc of a jieriosteal reaction, and tbe 

asymmetrically low . 

\ancc(l cases osseous de^truc- 

"" 
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Jlicroscopically, large spindle cells and large abortive osteoblasts M'ith 
numerous mitotic figures and small amounts of osteoid tissue are seen 
(Fig. 5). 

Eadiosensiiivity : The tumor is not sensitive to x-ray or radium and 
does not re.spond to therapeutic doses. 

Amputation only has been effective in giving 7 (10 per cent) five- 
year survivals. 
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1 Ik » h<'loniU roprrtph j^bowlnp abortl\* h^ P‘ !t hront an<l ploo- 

iNplrnl <if o'^tro^i nic ‘varcont i l*.irKC ^ I'-nilar art »is tn* frc- 

♦pp aU> f<»un‘l In IbN tumor It f]uUf n<Uori mt 


in. rr.ui'MN ti moin or NONOv^roiv oitn.ix iNTnmri.^ roNNi'(Ti:i) 

\MTH Tin: noM' 


1 I.iriiiii s Siirromit — Tl^i^ in:ili"nant tumor \\lii<’h arises intra- 
eortically or subperiosteally oecurs in the liiM tvo decades of life; it 
nnolves the metaidiy.sis primarily, most often afTectme the lone jiijic 
Isme.-. cspccialij Uie tibia and femur’- ” The diseasi never iinolvcs 
the epip)i\sis primarily It shows tlie usual symjitoins of {lain and 
luiiit>r follouctl (1\ sfiinrt uni 
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or X-ray therapy (Coutard method) following exploration, unless the 
tumor occurs in a hone which can be resected without sacrifice of 
function. 



A PIintomicroKiaph of chondroblastic sarcoma. Note the proliferation of 
1 ^S'VnW^ts wfth small amounts of calcined cartilage. Giant-cell invasion about the 
chondroblasts ^ taking piace. While not radiosensitive, the majority of live- 

year survfvaism this tumor have been effected by intensive i. radiation. 


Osteolytic Osteogenic Sarcoma.— This is a destructive tumor arising 
in the re<-ion of the marrow cavity in tlic .sliaft of the long hones.'- = 
It seems to he related to the formation of cancellous Iione which nor- 
mally follows in the wake of calcified cartilage. 

riinicallv the tumor is usually ohserved about one year after flic 
hecrinning of symptoms. It has a wide atte distrihution, hehig most 
° n Jidults. The tumor has an unusual tendency to 

frequen produce a pathologic fracture. 

tJri will. iCTi?" '»"» 

Ewings saiconid. VoMfures in the x-rav film are the melting away 

T,„ „„ ,i,o i, 

and perfoidtion pro.scnce of a periosteal reaction, and the 

asvmmetrically oca e , ^ j„ .,dvanced ea.ses osseous destriic- 

slight of 

tion leaves inut uu 
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In the x-ray picture the lesions show as multiple punclied-out ai*eas 
varying from 1 to 5 cm. or more in diameter. In the .skull the area 
of rarefaction appears between the inner and outer tables of bone. 

Slicroscopically, the tumor is composed of plasmalike cells, with ec- 
centric nuclei containing spokelike ai'rangement of the chromatin. Fusi- 
form cells and binucleate giant cells are also present (Pig. 7). 

The lesion is modei’ately radiosensitive and among tlie palliative 
measures x-ray or radium therapy is outstanding. Control of pain, 
reealcification of pathologic fracture and areas of bone erosion have 
been accompli.shed under this treatment. SjTnptomatic improvement is 
the rule and life maj' be prolonged from two to four years. 


Kip:, 



Tyuical pl:i«ma cell typo of multiplo myeloma. 

rafUo.«onsUivo. " 


a 

This tumor Is moileratoly 


Perio-steal (fa.scial sheath) or neurogenic 
.1 extend in two directions both outside and be- 

*. Tins form of .sarcoma represents only about l.~i 

ceil o a neojd.i.snis of bones. The majority of periosteal fibro- 

on malignancy. The age of the patient is 

studied hv''ii-w'*'-ii ^ of neurogenic sarcoma 

symiuoms’ is'aliont on^Tea'/"'If ,1” f 

<'tlKu-hone;maVboaSed.''’’'' '' 

ine l'rosiot?f"^ «'ft-part slindow. The 

hows .rosion from without. The reaction of the bone is variable. 


lione 

Tile ueri.isLM.in i m inc none IS variame. 

soft-part tumor to h«n, di-stniction 


The ratio of 


IS mpiortanf. 
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In the roentgenogram a widening of the shaft, with increase in 
cortical structure and onion-peel periosteal reaction, is an early find- 
ing followed later by varying degrees of bone destruction. 

Microscopically, the tumor is composed of small round cells, with 
dense nuclei and scanty cytoplasm simulating a Ij^mphosareoma (Fig. 6). 

Irradiation provides a good therapeutic test and the best available 
palliative therapJ^ Irradiation alone, however, is not sufficient to con- 
trol the disease in the majority of eases. 

A review of our patients,^- the Bone Sarcoma Registry^® cases, and 
the cases of Colej"^” leads to the conclusion that combined preoperative 
irradiation (Coutard method) in full therapeutic dosage, followed by 
amputation or radical resection, gives the best results (9 per cent 
five-year survivals). 



fi _photomicrosraph showing the characteristic cells of Ewing’s sarcoma. Note 
the indistmct cytoplasm and the round and o^al nuclei This tumor is quite ladio- 
sensitive. 


Irradiation alone has been responsible for five-year survivals in 2 of 
our cases: one a patient in whom the tibia was explored, curetted, and 
then Mven intensive x-ray treatment. AnotJior patient clinically showed 
Ewin*^’s sarcoma in the femur, refused operation, received intensive 
v'treatment This leg was amputated six years later because of tlie 
^qdhtion fibrosis. No residual tumor was found. Resection of the 
7 • le and a portion of the scapula in .successive cases, followed by 

tntlnlivJ x-rav therapy, has yielded five-year survivals. 

,r U- If i/e/oam — This is a rare form of tumor developing in 

2. „f „,l„llv’. - » Tl,c ril«, s„in,., 

multfple foci in fieiiiiently affected. Tlie patients aie 

pelvis, femur (]eeade of life. Patliologic fracture occur.s in C2 

usually in the six i Juidics apfiear in tlic urine in alioiit 

per cent of the cases. pp,„isbions of the disease ate sfiontaneous. 

65 per cent of the cases. 
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neural tumors from the benign neurofibromas to the most malignant 
form of neurogenic sarcoma. The more malignant and cellular forms 
predominate the picture where bones are involved. 

Neurogenic sarcomas as a group arc highly radioresistant tumors. 
Interstitial irradiation by buried radon implants has been almost uni- 
formly disappointing. A certain number of eases has shown some 
regression by external irradiation alone. 

It may be stated, however, that clinical cures in neurogenic sai’coma, 
arc obtained only by surgical intervention. The best results are ob- 
fained by early amputation, and even with this radical lorm of treat- 
ment, permanent cures are not numerous. 

4. Metdsiatic carcinoma of bone is usually seen in late adult 
life.’’ It affects the bones in an extremely variable manner. 

About one-half of the lc.sions may occur as a single focus in the ends 
of the long bone.s, producing a central area of bone destruction, while 
the other half may involve the .skeleton diffusely, producing either 
osteolytic or osteoplastic changes. The source of the tumor varies, but 
the most frc(}uent sites of the primary growth are: canecr of the breast, 
hypernephroma, cancer of the prostate, thyroid, and somewhere in the 
female genitals or gastrointestinal tract. .Solitary areas of meta.statie 
carcinoma to bone occur most frequently in the spine and in the ui)])er 
end of the humerus or femur, and arc extremely rare below the knee 
or ell)ow. They may also involve the trunk or the skull. A central area 
of bone destruction ns seen in the x-ray. rapidly increases and destro.v.*? 
the cortex from witliin, outwardly with little bone expansion. Multiple 
areas of skeletal involvement by metastatie tumors may also be ostco- 
lylie in eharacter and central in location. Such lesions have a tendency 
to involve the ])elvis and the .s]une in addition to the upper ends of the 
inimerus and femur. Pathologic fracture is common. In the roentgeno- 
gram they are visible as continent and mottled areas of hone de.st ruct ion 
in medullary locations. Ostcojdastic involvement of the bones by 
skeletal metastases is most fretiucutly a diffuse affair, and in addition 
to the absorption of bone always pre-sent, there is a la.ving domi of 
irregular new hone of moderate density. 

The ovUeome of these cases is uniformly fatal, but palliation and 
jirolongation of life may he achieved by irradiation with x-rays or 
radium, and some of these patients may live for a period as long ns 
five years. 

N<i rule can he laid down as to treatment, 'fhe general condi- 
tion of the i)atient must he considered, and a careful balance must 
he maintained hetweeti the amount of irradiation uiven and the benefit 
rendered 

.<. .tiipfomfio/ is considered rare.'- NVe have ob.served only 
P2 eases. The a”es of the patients vary between 4 and 40 years. The 
tnu^oI'^ an- located in the hiuncrns (4 cases », uln.’i. radius, fcinnr. os 
ealeis. skull, and vertchrac. 
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jMicroscopicallj’’, the spindle cell varies from the more aggressive oat- 
cell type to the large fusiform spindle cell, with transition cell forms 
(Fig. 8). There is nsnallj' no bone or cartilage seen in the fibrosar- 
comas. A definite percentage of the fascial sheath tumors are not sar- 
comas but cellular filiromas. This accounts in part for the unusual 
number of cures of so-called fibrosarcoma. 

These tumors are not highly radiosensitive. The cell differentiation 
is all important in this group. There is some evidence that irradia- 
tion inhibits tumor growth for a time, producing a slow sclerosing 
reaction in the filnuspindle-eell type of lesion. Cases with the fibro- 
spindle-cell variet.y of tumor will survive five years or longer, no mat- 
ter the inadequacy of the treatment. Amputation or radical resection 
cures the majority of patients. 



Fig- i 

nosis in 
tremely 


S. — I.^W“power ’ 
this ffradc of 
favorable. This 


flbrospfndlc-cQlI sarcoma. The prop’- 
a following a radical operation la ox- 


Tlic undifferentiated oat-cell type of fibrosarcoma is extremely aggres- 
sive and neither x-ray treatment, radium, nor local excision offers a 
ermanent cure. Primary amiiutalion whei-o possible is the treatment 


of choice. 

The ncnrosrenic sarcomas, invading hone, are difi'erenliated miero- 
• llv hv the mvxomatmis .stnietiire intermingled with the fibrous 
scopica deej.er staining, itiany tumor giant cells 


aie seen. nn-ntgenovram tliese nem'ogenic tumors bear a 

Clinica (i,c le.sioiis of the fibrospimlle-cell sories .just dis- 

close ro.soni ) Ttmiunincc*! flcstnirtion of hone is uotcfl. As in 

cussed, iliere is a gradual transition amon«r the 

the fibrospindlo-cell funm... 
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A conservative fonn of treatment is desirable in the majority of 
cases. Postoperative recurrences are frequent if surgical removal is 
employed too early (under 6 montlis), or if excision is inadequate. 

There are isolated cases which have had successful regression of bone 
recun’ence following tberapeutie dosages of x-rays. Insufficient experi- 
ence with this agent on myositis ossificans prevents any final evaluation 
of the results obtained. 

7. ITand'Scliiiller-Christian’s Disease . — This group of bone lesions is 
presented as an example of the so-called xanthomatoses involving con- 
genital disturbances in lipoid metabolism.’’ Organs connected with 
the rcticuloendotlielial vsystem reveal a variety of changes. The dis- 
ease usually makes its appearance early in life and is rarely seen after 
cliildiiood. The clinical manifestations are variable. Exophthalmus, 
diabetes insipidus, pigmentation of the skin, and splenomegaly may be 
seen. 

Bone changes are a eon.stant finding and roentgenographieally ap- 
pear as large, rarefied defects, clearly demarcated in the skull and in 
other fiat bones. Diffuse cystic areas may also be seen in the long bones 
with thinning of the cortex. There is no periosteal reaction. 

The blood picture may show a severe anemia. 

Ili.stologioally, large macrocytes, often binucleated, are the character- 
istic cells, together with eo.sinophiles, plasma cells, and lymphocytes. 
The le.sions are quite radiosensitive and the affected bones often reossify 
under x-ray therapy. Great care must be exercised in giving the treat- 
ment to ju-event overwhelming anemia. Transfusions are frequently 
indicated during the period of active roentgen therapy. Small divided 
do.ses are bc.st tolerated. 


COMMENT 

The radiosensitivity of a tumor depend.s upon both the histologie 
<‘haracterislies of the tumor cells and the nature of the surrounding 
tumor bell."'' It cannot be determined by micro.seojiie examination 
alone. There are innumerable factors to be considered, some of which 
are not ch'arly understood at the pre.sent time.’''' ’’’• 

Practical knowledge of radiosensitivity has been gained by trial and 
err<»r. correlating the effect of treatment uiion the tumor cells, the 
^arialions in the surrounding medium of the tumor, and the ultimate 
re.sults. 

.\s treatment methods change, ideas of radiosensitivity are revi.sed. 
Ideas oi today may he <ibsoiete tomorrow. 

K.idios(>nsilivity increases with the embryonal quality of the tumor 
or anaplnslK’ changes in the tumor. This statement must he qualified 
immediately for those tumors which seem to have inherent radioresistant 
growth projicrtie.s,’" 

ihi' tumor bed is of great inqmrtance, and where cartihige and hone 
aie coneenud. two factors make for radioresi.stanee ; (l) verv little 
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Tlie roeutgenograpliic picture is one closely resembling giant-cell 
tumor or polycystic disease of the bone. In addition, however, one may 
see isolated cysts beyond the main point of destruction. The trabeculae 
traversing the cystic cavities vary in density, more so than in giant- 
cell tumor. 

These lesions at exploration show cystic destruction with or with- 
out vascular tissue lining the walls. The cysts contain fluid as a rule. 
The vascular tissue obtained is characteristic of angiomatous tissue 
elsewhere. 

On reviewing the literature, one gains the impression that the ma- 
jority of the angiomas of bone are of the cavernous type. In our cases, 
many showed the capiUaiy type of angioma and 2 with proliferative 
changes suggested malignant change. 

Angiomas affecting bone are essentially benign. Thej’’ show vary- 
ing degrees of radiosensitivitj' and the younger the patient the more 
effective the irradiation. This factor is also present in angiomas found 
in other parts of the bodj^ 

Isolated examples may be pointed out as having been cured by x-ray 
therapy alone or by surgical intervention. 

6. Recurrent vu/ositis ossificans may be divided into the traumatic 
and atraumatic forms arising about the thigh, arm, ell)ow, neck, and 
lumbar muscles.'’ '*'* 

Occiipation played little or no role in the ease histories studied. 
Injury was definitely an important factor in GO per cent of tlie lesions. 

The age incidence varied between 10 and 72 years. 

The earliest physical sign after injuty is tlie development of a soft, 
compressible mass which soon becomes indurated. 

Bone may be detected in the roentgenogram witliin tlirce weeks after 
the onset of the tumor formation. .Small dense areas of calcification 
soon assume large proportions forming a large spicule of bone, usuall.v 
separated from the shaft of the neighboring l)one. Many lesions gain 
their maximum growth in six weeks or more and then spontaneonsly 
regress or become ciuieseent. 

Histologically, degeneration of muscle, liyperi)la.sia of connective 
tissue, and organization of hemorrhage are early findings, while osteoid 
tissue with marrow spaces, osteobla.sts about spicules of bone, occasional 
Islands of cartilage (30 per cent of cases), and benign myxomatous tis- 
sue represent fully develojicd myositis ossificans, iflalignant changes 
may complicate myositis ossificans, l)Ut this is exceedingly rare. 

yfvositis ossificans progressiva,^’ a .sj)ecial fortn of the malady, usu- 
ally begins in childhood; it affects the spinal mn.sclc.s primarily. As 
the nainc imjdies. it eventually involves the muscles of the entire 
.skeletal .system. 
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A conservative fonn of treatment is desirable in the majority of 
eases. Postoperative recurrences are frequent if surgical removal is 
emploj'ed too early (under 6 months), or if excision is inadequate. 

There are isolated cases which have had successful regression of bone 
recurrence following therapeutic dosages of x-rays. Insufficient experi- 
ence with this agent on myositis ossificans prevents any final evaluation 
of the results obtained. 

7. Ilandr^ScliiUler-Cliristian’s Disease . — This group of bone lesions is 
presented as an example of the so-called xanthomatoses involving con- 
genital disturbances in lipoid metabolism.*’ ” Organs connected with 
the reticuloendothelial system reveal a variety of changes. The dis- 
ease usually makes its appearance early in life and is rarely seen after 
childhood. The clinical manifestations are variable. Exophthalmus, 
diabetes insipidus, pigmentation of the skin, and splenomegaly may be 
seen. 

Bone changes are a constant finding and roentgenographically ap- 
pear as large, rarefied defects, clearly demarcated in the skull and in 
other flat bones. Diffuse cystic areas may also be seen in the long bones 
witli thinning of the cortex. There is no periosteal reaction. 

Tlie blood picture may show a severe anemia. 

Histologically, large macrocytes, often binucleated, are the character- 
istic cells, together unth eo.sinophiles, plasma cells, and lymphocytes. 
The lesions are quite radiosensitive and the affected bones often reossify 
under x-ray therapy. Great care must be exercised in giving the treat- 
ment to prevent overwhelming anemia. Transfusions are frequently 
indicated during the period of active roentgen therapy. Small divided 
do.ses are best tolerated. 

COMMEXT 

Tlic radiosensitivity of a tumor depends upon both the histologic 
eharacteri-stics of the tumor cells and the natui’C of the siu'rounding 
tumor bed.*'’ It cam\ot be determined by microscopic examination 
alone. Tliere are innumerable factor’s to be considered, some of which 
are not clearly understood at the present time.''*’’ 

Practical knowledge of radiosonsitivity has been gained by trial and 
error, correlating the effeet of treatment upon the tumor cells, the 
variations in the surrounding medium of the tumor, and the ultimate 
results. 

As treatment methods change, ideas of radiosonsitivity are revised. 
Ideas of today may be obsolete tomorrow. 

lladiosensitivity inerca.ses with the embryonal rpialily of the tumor 
or nnaplaslie changes in the tumor. Tliis statement mn.st lie qualified 
immediately for those tnmoi’s whieh seem to have inherent radioresistant 
growth properties.'"' 

File tumor bed is of great imjiortance, and where cartilage and bone 
are coneerticd, two faetm-s make for radiorcsi.stancc : (1) very little 
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reaction to irradiation bj’' the individual cells; (2) an avascular type 
of tumor bed. Edema and infection also increase resistance. 

It is certainly true that radiosensitivit}’- does not parallel radio- 
curability. A cellular neoplasm such as Ewing’s tumor is extremely 
sensitive to irradiation, yet the curability of the disease is far less strik- 
ing. Of course, it may be argued that large doses of x-ray causing an 
initial favorable response but failing to sterilize the tumor show the 
resistant viability of the new growth. This introduces a different inter- 
pretation of the term radiosensitivity. 

Tissue differentiation, resulting in growth restraint is a most impor- 
tant factor in altering the prognosis, despite the tumor's possible 
inherent radioresistance or sensitivity (Pig. 9). 

CHART SHOWiaa THAT THE g or TIVC YEAR CURES 
IS PROPORTIONAL TO 

THE TISSUE DIFFEREIITIATIOH IH THE TUMOR 



. f, niii-strate tlio Innuence of li.ssue (llfTerontiatlon upon nve-yciu- survivals 

Fie. 0.— To radioresistance or multiple types of Uierapy uscil. 


It is this underlying factor which permits I'cpoafed insults to certain 
tumors, and in spite of them, the patient survives in a number of 


"^V'^oTison” in a recent publication decries eaily amputation and 
• T«“nut the number of eases of “osteogenic stircoma” suiviving, 
I frconentlv had late amputation often with preliminary x-ray 
which ^ ^ exci-sions, or partial resections before amputation 

treatment, lep . the passiliility tliat tlie.se procedures may 

was ; ije influence upon the coiii-se of the tumor. I can- 

have had a fa\or<m 

not accept this point of me«. 
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If one separates osteogenic sarcoma into the various entities, detailed 
elsewhere in this paper, and considers the prognosis and treatment of 
each, and if one further considers the tissue differentiation of each, with 
its relative aggressiveness, it would seem that the following points are 
fundamental : 

1. Regardless of the type of sarcoma, irradiation alone has rarely 
sufficed to accomplish a cure, while combined with resection it has of- 
fered better results. 

2. Amputation is favored as a method of treatment. 

3. Tumors with long preoperative symptoms are less aggressive in 
character and the patients suiwive in larger numbers. 

4. Tumors with shoi’t preoperative symptoms usually connote a more 
aggressive process, with a reduction in case survivals. 

5. The primary bone sarcomas which show the greatest tissue differ- 
entiation yield the largest percentage of cures when treated adequately. 

6. Early diagnosis and aggressive treatment is to be recommended. 
Chondroma and osteochondroma are radioresistant. 

Tlie various forms of osteogenic sarcoma are in general radioresistant. 
Nothing more than transient improvement in proved cases has been 
noted in the irradiation of these cases. IVe have observed an occa- 
sional sarcoma sterilized by x-ray treatment but tlie function of the ex- 
tremity was also destroyed and, needless to say, surgery would have 
])ecn more comfortable and adequate in the beginning. 

Radiation is of advantage in those patients where palliation is de- 
sired or in technically inoperable locations. 

Chondrohlastic sarcoma is controlled by irradiation despite its inher- 
ent radioresistant qualities. 

Many giant-ccU tumors of bone arc radiosensitive, though the tissue 
changes which occur are hard to explain. Overtreatment must be 
guarded against, as devitalized normal bone does not make for a satis- 
factory result. 

Certain facts can be stated wliieh seem to be closely x’clatcd to fail- • 
ure in treating giant-cell tumor by irradiation or by surgery: (1) too 
early weight-bearing of the affected part; (2) perforation of the bone 
sliell by the tumor before treatment is instituted; (3) inadequate thm>- 
apy; (4) (lie declining healing power of bone due to age. 

Multiple mijclonia is moderately radiosensitive. The larger tiie area 
of bone destruction, the less satisfactory is the respon.se. Palliation by 
model ate doses of irradiation is satisfactory, however, and jairtial ster- 
ilization of the tumor proe&ss may be obtained for awhile. 

Fibrosarcoma is not usually radiosensitive and only very low grade 
malignant tumors may be controlled by eseharolie dose.s of therapy. 

Rone involvement by metastatic carcinoma may show niarhed pallia- 
tive response to x-rays or vadium. 

Angioma of hone cannot be sreneralized upon, but isolated cases have 
been com]>k'tely controlled by roentgen therapy. 
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SURGERVr 


Data on recurrent niyusitis ossificans are insufficient to recommend 
irradiation as a routine procedure. 

Hand-Scliiillcr -Christian’s disease is quite sensitive to the x-rays and 
favorable results are the rule if tlie patient is kept under periodic and 
careful observation. 

Many diseases not primary in bone but affecting it have not been 
mentioned. A sufficient variety has been presented, liowever, to illus- 
trate the trend of treatment in the various groups. 
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aspiration biopsy 


I URTHEB Observations With an Inproyed Instrument 
Frank Wrenn, M.D., ano J. M. Peder, M.D., Anderson, S. CA 

(From the Department of Fadiology and Pathology, the Anderson County Sospiial) 

THE . outset, we visualized an appliance for the performance of 
aspiration biopsy that would furnish a section of tissue for studj'' 
showing the various structures in continuity. This was in contrast to 
the methods then in use, their technique being based upon smear 
preparations of particles of tissue and the diagnosis made from cjdologic 
appearance alone. We were willing to concede that in the hands of 
experts with long training in this t 3 ^pe of observation satisfactory evalu- 
ations could be accomplished. This was of necessity not true in the case 
of the worker occasionally called upon to perform an examination by 
this method. 


It was thought that an instrument patterned after a druggist’s cork 
borer with the cutting edge serrated might prove of value if fitted with 
an exceptionally sharp trocar. After a suitable plug of tissue had been 
encircled, it was planned to imprison it within the lumen of the cannula 
and sever its attachment bj' twisting the syringe in such a manner that 
its base would be brought into contact with the sharp roughened edges 
of the instrument. 

Proceeding with this idea in mind, a large bore spinal puncture needle 
was cut doum, its cutting edge ground verv sharp and in a serrated 
manner. Its stjdet was likewise made exceptionall.v keen. For aspira- 
tion purposes a 10 e.e. record syringe was emplo.ved. We soon learned 
that it was essential to be in a position to lock the plunger of the syringe 
at the ma.\'imum excursion of its upstroke. After searching the market 


and finding such an appliance not to be available, one was extemporized 

by filing a notch on the .shank of tlie plunger and liaving a spring catch 

placed upon the housing of the syringe bai-rel. Willi tin's rather crude 

extemporized outfit we were enabled to do fairly satisfactory worlv. 

About two .vears ago our original paper covering its application was 

published;’ since that time witli the aid of tiie rcseareii staff of Bceton, 

Dickinson Co., Rutlierford, N. J., a much more technically .satisfactory 

instrument has been made generally available. 

The principle behind our original idea has been adhered to, but tlie 

• device has many convenient improvements: among them is a Ihmnb 

t the Iliad of the stylet and a convenient finger rest beneath. An 

^ 11 sham flat cutting edge has been jilaced upon the trocar. 

XX t; ilm ingenuity of Dr. Oscar Schwidetzky, of Breton, Dickinson 

in, nils T.'itterncd after those used to hold ninhreUns open 

Co., a simple catcli paumi 

I^elvcd for rublic.'ition, Jun.- 9. _ 
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tlio trocnr nn^ cannula nro xhm^t throuRh t]io wUoal formed by the injection of the aneathotic and into the periphery of the tumor. 

The true ir H then removed and the MyrlUKC attached. The in.strumcnt i.s diiven several mlUhnetora further Into the tissue and vacuum Is 
oroat<‘il hv tlrawinj? Mvrlnuo to maximum excursion where it is automatlcaUy lucked. This vacuuni i.s iioJd for three minutes. The tissue PlUK 
Is sevfnd hv a twisihm motion. aocompHshod bv turning syrln^'c. brlnj?lnir base of pIuk into cuttinf? edges of cannula. 
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SURGERY 


has been applied to the shaft of the plunger. It is very positive ii 
action and simple to operate. 

Our technique has remained unchanged from the original report bu 
is summarized here : 

1. A suitable antiseptic is applied to the skin area over the site o 
proposed punctxu’e and a udxeal is foimed by novocain or other loea 
anesthetic of choice. 

2. The meshed trocar and cannula are thrust through the site of an 
esthesia and into the periphery of the tumor under investigation. (Some 
prefer to make a small nick with a knife before introducing the instru 
ment. We feel that this is advantageous in certain areas, especialb 
about tlie neck where sudden penetration of the needle under force might 
prove disastrous.) 



'ft' 


f, 
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„ c, iiiustratlnp n commonly onconntored potfntlO jiitf ill In ninlnitlon lilopiv 

,1 Tho enccinicn I"! n section cut from i liri isl tumor s|,o«lnR lienlKn llliro- 

aiapnosis The siicun^^^ (R) In the louo, left (E) It Is mnnltih cm- 

.idenoma in tpp a tliere H .i i)osslblllt> tliit niiteiiiil could hi iispliatid from 
cerous Quite reclon's that noiild pltr nn tntirch fils.- md dinpiinus Impri sslon 
the PPamalisnan h forced upon tis the decision to cllsripaid riepatlte f\l- 

ror this res OP . ‘ p ni,on It is i ncoiintc red to nnlie fiirtln i liucstlRi- 

dcnce ohtamed In tids minn^^r.^^^^^^^ j., C.andM.ut Col 1 i: 

corps, i- S Armc ) 

3 The stvlet is lemotcd. the syringe att.-ielied, ami tlie eiilfiiig edge 
nf the eanmila is pushed by using a geittle rotiiry motement seteial 
r„Td)ier info the site from uhieh tiie biopsy is sought, 
t'":™ Is’C- -lie ..ISO,, ,o,.,o. .1 io 

• n and the cannnln slightly adtaneod ^\e iiate found .1 ad- 
cursion, and , . . for threr mnn/h v hefoie atft mpting to 

vantageous to noici nn-' 
free the tissuc plug. 
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5. At the expii'ation of three minutes, an arc is described iirith the 
sju’inge at a 45 degree angle in an endeavor to bring the plug of tissue 
into contact with the cutting edges of the cannula, thus severing it. 

6. The instrument is inthdrawn and the contents are expressed into 
normal saline solution. This solution should be used to flush the syringe 
and needle as at times the specimens may be recovered by this means 
when others fail. The adimntage of this procedure is that specimens 
sufficiently large to fix, cut, stain, and mount in the usual manner are 
obtained. In another publication, ive described in detail a technique 
for handling these small particles.® Martin and Ellis have aptly 
stated" that without a sympathetic attitude on the part of the pathologist 
no progress can be made in this rather difficult field of diagnosis. None 
of us wish to deny the fact that handling of these tissue fragments is 
difficult and time consuming. 


StaOEABY 

1. An improved instrument for taking aspiration biopsies is reported. 
No material change has been made in the technical procedure originally 
reported. 

2. Aspiration biopsy is always a procedure of necessity, never of 
election. A number of .veal's’ experience has taught us tliat negative 
evidence is valueless and is disi'cgarded in our final consideration of the 
case in question. Positive findings, on the other hand, are taken at 
faee value. 

3. ^Ye have found the application of tliis method especiall.v valuable 
in lesions about the face and neck, especiall.v in women by whom a 
cutting operation for diagnostic purposes would not be tolerated. Its 
value has been proved in the case of bone tumors also. 

4. Aspiration biops.v is “the hard way.” There is nothing easy about 
it, from the standpoint of cither taking the specimen or tediously 
preparing the microscopic sections. 

5. Extreme care must be used in the vicinit.v of great vessels and 
other vital structures as the instrument u.sed is capable of inflicting 
scrioits damage. 
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THE USE OP A COLD AIR BLAST OX PRECAXCEEOUS 
SKIX LESIONS AND HE3L\XGI0:^LA.S 

J. K. PoppE, M.D., Xto' Ha'V'ex, Coxx 

T~XEY carbon-dioxide ice in the solid form has been used verj' success- 
fully for the treatment of small capillary hemangiomas in babies. 
Excision and sclerosing solutions have been used for the larger capil- 
lary and cavernous types of hemangiomas. A need has been felt for 
a modification of the freezing technique to be used on the medium-sized 
hemangiomas and those resistant to a single carbon-dioxide ice treat- 
ment. This direct application of carbon-dioxide ice to the skin, for 
more than ten second.s, over a .small area causes a chemical burn vith 
destruction of the skin and a permanent scarring. The use of radium 
may be ob,iected to on the ba.sis of the late carcinogenic action in these 
e.ssentially benign lesions in babies. 

A further need has also been felt for a simple, readily available 
method for removing precaneerous, keratotic lesions from the skin, 
which will not cause a peimanent .scarring of the area. The radon 
bulb, which has long been used for the purpose, is not always available 
and is expensive to provide for only a few patients at a time. Eleetrie 
cauteries and caustics, which are also effective for the lesion.s, tend to 
produce considerable scarring. 

A method of freezing localized areas of skin and subcutaneous tissue 
of between 3 to 5 cm. in diameter to a depth of 0.5 to 1 cm., withoxit 
causing a permanent destruction of the overlying epidennis, was xvorkcd 
out, as described. 

EqEIP.ME.N'T SSD TECII.ViqUE 


4 current of eompre.ssed air is blown throxigh a coil of metal tubing 
packed in carbon-dioxide ice. A nozzle is placed on the end of the 
tubiu" by mean.s of which the blast of air is played on the .skin lesion 
to be'treated. The eompre.ssed air is oiUaincd from one of the hospital 
°tlets to which the coil is attached by a piece of heavy rubber tubing 
”” Iv fastened at each end. The air pressure in this institution is 
'"'^TnTained at about eighty j.ounds per sf,„are inch. A seeti.m of a; 

‘ , I • „ about 4(1 feet Ion", is wound into a convenient coil 

inch pail. About ten pounds of carboii-dio.side ice 

to fit in a .s an^^ ' packed around the coil of i)ipe. Insulation 




:i. I5"I 



tOPPE: COLD AIK BLAST OX PRECAXCEBOUS SKIX LESIOXS 4bl 

around the pail and ovei' the ice ivill make it last much longer. A \ery 
short length of insulated hose is then used to connect a nozzle to the 
coil. This should not he more than 10 inches in length because of the 
rapid warming of the air in passing through it. A short piece of glass 
tubing drawn to a point can be used as a nozzle. The opening of the 
nozzle may vaiy from 2 to 4 mm. in diameter. 



Fip. 1. — Coll of copper tubmj Kith insulated nozzle used to cool the air blast. 


If the apparatus is to be used to treat a numlier of patients succes- 
sively, so that it will be operating over considerable periods of time, 
an intermediate drying chamber must be connected in the air hose 
before it enters the cooler. This is necessary in order to remove the 
moisture which would otherwise condense and freeze in the cooler, 
thereby obstructing the air flow, if used moi-c than five to ten minutes 
at a time. Passing the air through a few centimeters of soda lime in 
an airtight ehnmher seems sufficient to dry it out adequately for this 
puiq)ose. 

Only a few seconds ax'e required to cool off the apparatus sufficiently 
for use after the air fins l)ecn turned on. A strong hla.st of cold air, 
whieb registers between -15 and -20° (\. is directed on the lesion, the 
nozzle being held 1 to :} cju, above the skin surface. The area frozen 
depends ujmn the size of the nozzle, tlie distance between the nozzle 
and the skin, and the lime periotl during which the air is applied. A 
0..) ein. lesion can b(> treated over a 1 cm. area liy holding a 2 min. 
nozzle nbovit 1 <-m. above the .skin surface for twenty seconds. 



THE USE OP A COLD AIR BLAST ON PRECANCEROUS 
SKIN LESIONS AND HEMANGIOJ'IAS 

J. K. PopPE, jM.D., New' Haven, Conn. 

|~^RY carbon-dioxide ice in the solid form has been used A'eiy success- 
fully for the treatment of small capillary hemangiomas in babies. 
Excision and sclerosing solutions have been used for the larger capil- 
lary and cavernous types of hemangiomas. A need has been felt for 
a modification of the freezing technique to be used on the medium-sized 
hemangiomas and those resistant to a single carbon-dioxide ice treat- 
ment. This direct application of carbon-dioxide ice to the skin, for 
more than ten seconds, over a small area causes a chemical burn wdth 
destruction of the skin and a permanent scarring. The use of radium 
may be objected to on the basis of the late carcinogenic action in these 
essentially benign lesions in babies. 

A further need has also been felt for a simple, readily available 
method for removing preeancerous, keratotic lesions from the skin, 
wdiich wdll not cause a permanent scarring of the area. The radon 
bulb, which has long been used for the purpose, is not always available 
and is expensive to provide for only a fe^v patients at a time. Electric 
cauteries and caustics, which are also effecti^'e for the lesions, tend to 
produce considerable scarring. 

A method of freezing localized areas of skin and subcutaneous tissue 
of betw'een 3 to 5 cm. in diameter to a depth of 0.5 to 1 cm., without 
causing a permanent destruction of the overlying epidermis, was worked 
out, as described. 

EQUmwENT AND TECHNIQUE 


A cuzTent of compressed air is blown through a coil of metal tubing 
nacked in carbon-dioxide ice. A nozzle is placed on the end of the 
tubiim by means of which the blast of air is played on the skin lesion 
to be 'treated. The compressed air is obtained from one of the hospital 
1 jg M-hich the coil is attached by a piece of heavy rubber tubing 
relv fastened at each end. The air pre.ssurc in this institution is 
secui . ‘ aljout eighty pounds per .square inch. A section of •% 

main 40 feet long, is wound into a convenient coil 

inch copp A.,i.(t.sized pail. About ten pounds of carbon-dioxide ice 
is” then biXn up and packed around the coil of pipe. Jn.snlation 


— ivedlorrubUcation, June 2t. 
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RESULTS 

A pitted, frozen plaque is immediately foimied. This disappears in 
a few minutes, leaving an erythematous area which may become crusted 
over in two or three days if the treatment has been more than twenty 
seconds. This crust usually falls off within ten or twelve days, permit- 
ting a second treatment to be given within two weeks, if indicated. 



ThN .vmllnr T "t •'iRlit Lanil and torcarn, of P.aticnt 1 bc- 

or th.. l.n h.m.l froa. a Xmir carcinoma on tbe dor.s«m 

hxpcnmentai use of tliis method on vabliils’ ears and abdomens 
showed that a maximum treatment of any single area .should not be 
more than sixty seconds to avoid de.struetion of the skin and damage 
n t(<p ti.ssuos. lieatment of from three to five minutes caused 
an uleeration whiel, extended throud, the entire Ihiekne.ss of a rabbit’s 
ear or eause.l periUmitis. if used on the abdomen. 

COMMKNT.S 

Th,‘ results obtained by this method of indireel freezincr of prccan- 
< -ous shin esions have been very sueee.s.sful. with eomplete disappear 
«'>-<■ or the treated lesions in al) 1 ,,,, ease t t'nse 19 , 



Eesults op Air Blast Treatments on Precancekous Skin Lesions 
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Surgery 
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of a large lesion Avith small amounts of carbon-dioxide iee, after the 
main body of the hemangioma has disappeared folloning a single air 
blast treatment. 

Several attempts have been made to treat port-wine marks by this 
method with only moderate success. A certain amount of blanching 
occurs over the treated area wdthont any scaning, Avhich is a definite 
improvement over direct treatment Avith dry ice. No complete disap- 
pearance of a port-Avine marlA has, as yet, been noted. 

COXCLUSIOX 

1. The indirect freezing of large hemangiomas and precaneerous skin 
lesions by an air blast is a relatively simple and economical method of 
remoA'ing these lesions. 

2. A definite advantage over the more caustic agents is present in 
that the residual skin defect is minimal compared Avith that resulting 
from the other methods mentioned. 
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SUHGERY 


This particular lesion originated from freezing the ear a number of 
years previously which may account for its intractability to further 
fteeziiig treatment. The only cases listed here are those in which an 
adequate follow-up has been obtained, although a much larger number 
of piecancerous lesions have been treated. Several of these patients 
have had one or more skin cancers which have already developed from 
similar keratotie lesions. Preeaneerous lesions near the eye should not 
be treated by air because of the eechjniiosis produced in this region. 



0 'ThP rltrht hand and forearm of the same patient four months after treatment 
with the cold air blast. 


The use of this method has been restricted to the larger hemangiomas, 
and the results on these lesions have been superior to those previously 
obtained with repeated application of .solid carbon-dioxide ice. The 
sunerior results obtained by this method are due to the larger area 
] 'ch can be covered during a single treatment with le.ss ulceration, 
Trostiim and subsequent scarring. Several mothers wl.o have seen the 
“’r Until twjes of treatment have requested the air Idnst m pref- 
resu ts 0 . ^ minimal reaction on the sidn. It is 

ereiiee to ^ to touch up small pseiidopodia around the edges 

occasionally necessaij m 
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CASE REPORTS 

Case 1.— AVm. K., an 8 year old nliite boy, «as admitted to the L'nirersity Hos- 
pital on Dec, 26, 193S. One month preiiously he had sustained a compound skull 
fiacture in the right fiontal region. The wound was dcbrided but became infected 
and a fungus developed (Dig- !)■ 



riB 1 — Corcbral fungus in right frontal region before grafting 


The general and neurological CNaminationb were essentiallj nogatuc except for 
the local lesion. The intracranial pressure «as normal. The fungus had been 
<1res‘!C(l for some tniio with plain sterile gauze When adiiiitteil to the hospital the 
dressings were rcmoied and a fair bed of granulation tissue nas noted to lunc 
dcielopcd on the fungus. The horination was considerable and In palpation the ini 
pressioii was oblamcil that the anterior aspect of tlio right leiitrieic might be stif 
ficicath superficial to be opened if amputation of the fimpis were undertaken. 
There appeared to he no rc.ison wlij small skin grafts would not take on the 
granulations. On Deo lOdS, the entire surface was coicred with small deep 
grafts, Dightt per n'lit of the grafts took roadilj. A few in the < enter of the 
fungus died. Two more attempts to graft this small am were partialU successful 
and bj 1 eb, JO, Ip.lo, at which time the patient was disdiarged, opitholizalinn was 
'omplete. Wiiile epilhebratum was in progress^ the henna spniitaneoiisly receded 
iintd it was fiat. 



TREATMENT OF MAJOR WOUNDS OF THE SKULL 
I. Cerebral Fungus: Treatment by Skin Grafting 
Olan R. Hyndman, M.D., Iowa City, Ia. 

(From the Department of Surgery, Neurosurgical Service, College of Medicine, 
State University of Iowa) 


TF A major cranial defect is sustained so that an area of eerebrnm 
one inch or more in diameter is exposed and becomes infected, a 
herniating mass of infected and inflamed brain tissue will usually ensue. 
The infected hernia cerebri is commonly referred to as a fungus. I feel 
certain that the lesion is not nearlj' so common now in civil life as it 
was twenty years ago in spite of the increasing incidence of head in- 
juries. This fact in itself is evidence for the increasingly better manage- 
ment of acute head injunes. Nevertheless an occasional fungus appears 
to be unavoidable, and in war surgexy the lesion is a relatively prominent 
one. After having developed, it presents itself as a real problem. The 
fungus is highly intractable to treatment and often it ultimately leads to 
fatality. The surgeon is sooner or later tempted to amputate the herni- 
ating mass flush with the skull, only, as in the case of the Lernaean 
hydra, to be confronted by a recurrence, if, indeed, death is not pre- 
cipitated bj' meningitis, ventriculitis, or an overwhelming encephalitis. 

The histologic evidence of inflammation extends to varying depths 
from the fungus into the bi-ain. This localized enceplialitis with the 
associated edema and swelling progress in a vicious cycle. This lesion 
in which there is an absence of skin with exposure of underlying tissues 
is unique when brain is the underlying tissue. The most important 
factor which makes the lesion unique is tlie poor grade of granulation 
tissue over which epithelium might grow. Tlie onlj^ source of granula- 
tion tissue from tlie brain is the fibroblast of tlie walls of vessels and 
these are relatively sparse. This fact combined with the slow but 
progressive herniation of the fungus makes it understandable why epi- 
thelium does not grow in from the skin margin as it does in the case 


of open wounds elsewhere. 

It has hithei’to been a custom and almost a dictum in neurological 
sui-o-erv that exposed brain should not be covered with gauze but by some 
smooth tissue such as gutta percha and this type of drc.ssing was used 
'n World War I.' Such a dressing does not encourage the development 
of granulations. Although the source of granulation tissue is deficient, 
°pwrtheless a -^ood bod of granulations can bo provoked by a drc,ssing of 
dry cauzc as is'donc in the ca.se of other wounds. Such a bed of granula- 
iTnlrims nroved to be adequately i-cccptivc for small deep skm grafts in 
reonsemitive eases followed by rapid and complete healing 


-^ivoa for pubUctlon. U.no =3. 
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The patient returned on March 21, 1939, the u’ound being completely healed. 
A photograph was taken at this time (Fig. 2). The wound has remained healed to 
the time of writing (two years). 




r 







grafted. 

ri 9_lVm McH. * a white boy, 4 years of age, was admitted to the Children’s 
^ t n- r'amti on July 20 1940. Six neeks before he had fallen from a 

Hospital of Cinmnnati^on The abscess 

swing, striding • frontal craniiiiu measuring about V/j by 1 

,,as drained " P f ; p; The fungus nas dressed nitli gauze, 

inch. A fungus suffieienUv abundant, they nere covered by small 

dwp'g>a«®-'" complete (Fig. 

ff-ao the patient exhibited an increased intracranial pressure as cvi- 
Before grafting, the p. , revealed some dilatation of the third and 

denced by P'^P'' interpreted the situation as one of obstructive hydro- 
lateral ventricles. ‘ jareelv responsible for the herniation of the fiinpis. 

eephalus and fe XrS he made a perforation in the third lentne.e 

Concomitant m ' e ti,e neurosurKic.d service of 

patient developed a T., Meim.jnnev. 

.Toseph Eyan^s, til ns a stutlent at I In;: follo\%<Ml. I Jun In‘l 


•tl that 

IK' I<JUf)>N*'U. * .t l« 

to Include th^lr In thH 


Dr.' Joseph Bvans^^ine )^‘"a Vtudent at riu- d 

S%'‘lfnie"metliods be^n1v‘?or kindl.v pernilt.Ing me 
to Drs. Evans and aw 
publication. 
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healing but i^rohably will forestall complications that may attend de- 
layed healing. All efforts leading to skin grafting as a final stage in 
treatment Avould seem to he in order*. 

CONCLUSIONS 

1. Granulations may be mduced on a fungus cerebri that will be ade- 
quately receptive to small deep skin grafts. 

2. To this end granulations should be encouraged by dressing the 
herniated brain with gauze rather than an inert material such as gutta 
percha. 

3. The fungus should not necessarily be amputated. The herniation 
will recede when epithelization is complete. 

REFERENCES 

1. Ilorrax, Gilbert: A Proposal for the More Radical Treatment of Gunshot 

Wounds of the Brain, Canad. M. A. J. 43; 320-324, 1940. 

2. Procceding.s of the Twenty-seventh Meeting of the Society of British Neurological 

Surgeons, J. Neuiol. & Psychiat. 3; 343-352, 1940, 
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for the purpose of shunting the ventricular fluid into the basilar subarachnoid 
spaces. It is the opinion of Dr. Evans that this procedure was responsible for the 
retraction of the fungus as well as the subsequent recession of the increased intra- 
cranial pressure and would not attribute the recession to epithelization alone. I am 
at variance with this view as brought out in the discussion. 


DISCUSSION 


The two eases reported here illustrate a simple and effective method 
of treating cerebral fungus. Granulations can be induced on the fungus 
which -wdll be receptive to skin grafts. A good method of provoking 
abundant and healthy granulations is the application of plain sterile 
gauze and this dressing is therefore preferable to gutta percha. Small 
deep grafts should be used and applied close together covering the entire 
surface of the fungus. In Case 1 the fungus receded spontaneously as 
epithelization progressed. It is my opinion that the local encephalitis 
with its associated edema subsides when epithebzation occurs, thus ac- 
counting for the retraction of the hernia. The prompt subsidence of 
infection and its attending signs and s 3 ^mptoms when large areas over the 
bodj^ are grafted is a common observation. 


Undoubtedly the end result of a healed fungus involves a firm attach- 
ment of scarred brain to skin at the site of the defect. This scar in some 
cases may later lead to the development of epileptic seizures. However, 
in such an event and when the infection has subsided, the scar may be 
repaired in the accepted manner with impunity. The objective in treat- 
ing the fungus is to save the patient’s life. 

Upon the completion of this report Dr. Wilder Penfield called my 
attention to the Proceedings of the Twenty-seventh Meeting of the 
Society of British Neurological Surgeons.- 

In a discussion of the treatment of penetrating -wounds of the skull, 
consideration is given bj^ Cairns to the problem of cerebral fungus. The 
conditions leading to and maintaining a fungus are discussed. In the 


event that a fungus develops, it is important to establish the presence or 
absence of complicating factors that might be associated with the fungus, 
such as abscess or some degree of meningitis. Cairns advocates the use 
of ventriculography to gain information concerning the possibility of 
abscess and wisely cautions against needling the fungus unless a ven- 
triculogram reveals the presence of an expanding mass near it. 
O’Connell points out that the uncomplicated fungus is associated with 
quite hi<-h protein content in the spinal fluid and a very low or slight 


Clark-Maxwell report good results from skin grafting the 

^uTand endoi-se the method as ideal treatment. _ 

° • ..ub the cases reported in this paper comcidc.s, tlicrc- 

fhe of the British surgeons. Skin grafting is in- 

e, with the expe fu„„us and not only will greatly hasten its 

uted as treatment ol a iiui= 
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of the neck %rith a coxa valga defomiitj- is never impacted if the line 
of fracture is nearly vertical or greater than 30 degrees with the hori- 
zontal. Pressure forces between the two fragments must dominate in 
an impacted fracture. When shearing forces are greater than pressure 
forces between the two fragments, the fracture cannot be considered 
impacted. 

The true impacted fracture of tlie hip tmites by bony luiion without 
any special fora of inteimal or external immobilization. If the fracture 
is not impacted, operative internal fixation is essential. Impaction is 
.sjmonymoHs with mechanical features which favor the domination of 
pressure forces over shearing forces from transmission of body weight 
and muscle contraction. An abduction injury with abduction of the 
distal neck and shaft fragment in I’clation to the proximal head frag- 
ment, coxa valga deformity, an almost horizontal subeapital fracture line 
as seen in the anteroposterior radiogi’am, no displacement as seen in the 
true lateral radiogram, and a fractured limb that can be moved freely 
and almost painlessly, are the radiographic and clinical features which 
.should be essential in the univeisal definition of an “impacted fracture'" 
of the hip. 

— Vernon L. Hart, H.D. 

Minneapolis, Minn. 



Editorial 


Impacted Fracture of the Hip 

Vj^HEN is a fracture of the neck of the femur impacted? The term 
impacted fracture” of tl\e hip is used frequentlj^ by physicians. 
Unfoi’tunately, the term is too frequently misused. The ph3'sician who 
is responsible for the treatment of the patient and the roentgenologist 
who assists the plij'^sician in the proper interpretation of the x-raj^ studies 
of the fractured hip should use the same definition of the term ‘‘im- 
pacted fracture. ’ ’ If there could be an accepted definition of the term 
b.y the profession there would be less confusion, less morbidity, and a 
greater appreciation of the mechanical principles that are involved in 
the treatment and in the prognosis of fractures of the neck of the femur. 

A true impacted fracture of the neck of the femur alwaj's unites by 
bony union without any special treatment. Nailing operations or any 
of the other types of operative internal fixation, which are so important 
in the treatment of fractures of the neck of the femur that are not im- 
pacted, are contraindicated. It is, therefore, most important for all of 
us to accept and teach one and onlj' one definition of the term ‘‘impacted 
fracture.” 

This fracture presents constant clinical subjective and objective find- 
ings and specific i-adiographic featuies. Clinicallj’-, the fractured ex- 
tremity can be moved freel.v and almost painlessl.v. Tlie patient ma.v 
even walk after the injury. The severe pain, muscle spasm, external 
I'otation defonnity, shortening, and almost complete loss of function of 
the limb which characterizes the fracture of the hip that is not impacted, 
are not present. Radiologically. tlie fracture line through the neck of 
the femur is subeapital, almost horizontal, and the neck and shaft of the 
femur are abducted in relation to the head. The normal angle of head, 
neck and sliaft is increased and a coxa valga defoj-mity is present. 
The lateral radiogram shows no displacement between the head and 
neck fragments. These radiographic findings arc essential in the diag- 
nosis of ‘‘impacted fracture.” The fracture is impacted because the 
mechanical forces between tlie two fragments are pressure forces and 
not shearing forces. There is never a true impaction if the normal 
trl bet'Ve'en the two f7-agment.s is diminished with a (‘oxa vara dc- 
Tv because the forces between the fragments ar-c then sheaz-ing 
toraii y forces. Intcnial fi.xatiozi is e.sscntial in the tieatmezit 

T Lrcd femoral neck with coxa v:ira dcfoi-mity oi- when the neck 
TTZtmZarc adducted in relatiozz to the head fragznent. ^II 
and shaft n defoz-mily are ziot zmpaeted, but all im- 

fractures with a coxa ^a(, 




An abduction fracture 


RECENT x\DVAXCES IN SURGERY 


475 


PHARMACOLOGIC AND PATHOLOGIC CONSIDERATIONS 


Pentothal sodium, or sodium ethyl (1 methylbutyl) tliiobarbitiirate, 
owes its success as an anesthetic agent to the fact that like eidpal it 
belongs to the group of so-called “light” or short-acting barbitu- 
ratesA«’®“ The “heavy” barbiturates, such as nembutal and sodium 
amj-tal, remain unchanged in vivo and are excreted as such by the Md- 
nej's for as long as seventy-two hours. For this reason, when they are 
used as anesthetic agents, there is an undesirable prolongation of the 
anesthetic effect. Although the method of the destruction of pentothal 
in the body is not clearly understood, it has been shown that the process 
occuis so rapidly that scarcely a ti’ace can be found in .secretions three 
to twelve hours after the administration of single therapeutic doses, 
and for all practical purposes the effect lasts but three to thirtj' min- 
utes, depending upon tlie dose which is used.’®’ However, after 

prolonged administration the rate of detoxification is not proportion- 
ate to the total dosage, as shown by Kohn-Richards and Grimes,*’ who 
demonstrated that tlie rate of detoxification of pentothal given to rab- 
bits by continuous infusion is roughly one-half that after a single dose. 
Similar results wore obtained in an experimental study performed by 
Kozclka and Hinc.®” Gruhzit and co-worker.s"® suggest that normal or- 
gans are able to destroy only a limited amount of pentothal or that the 
organs are so altered by the drug that they lose their capacity for de- 
toxification. Butler and Bush-*’ offer experimental evidence that some 
short-acting barbiturates arc transformed in vivo to le.ss active com- 
pounds which have a more prolonged but less intense action. Either of 
these explanations helps clarify clinical and experimental observations 
of the prolonged and variant effects of large doses of pentothal. 

Tlic pharmacologic action of pentothal sodium lias been subjected to 
close .scrutiny liy numerous investigators.-- =0-31. so, o:-sc, 55, 
r. 4 , n, ►s. «r,. nm, lor-KitG ii^, 12,1. 12**. t2f», i.ii, n,'., uc. nr. jr.o, ici, le;. 


,r. 4 . .TT, t,,p ei,.„,iatory .system are 
minimal, no significant changes having been observed clinically in the 
))ulse volume and rate, the blood pre.ssure.’'’- ”'■> ^j. cleetrocardi- 


ograjihic tracings.' ii«. i-.. i.s 'p|,p occasional ajipcarance of 

conduction changes, as indicated by ectopic beats."- has been exjdained 
on the basis of a traiisiloi-y .-inox<-mia. the relief of which causes the re- 
snm{)tion of norma! rhythm, ('ardiac in-egularitk-s. already pre.sent. 
have not In-cn affi-ctcd iiy sodium pentothal anc.stlicsia.’'’- 7 'hc wcll- 
rccognizc.l vasodilatation which accompanies adnrnistrati m of pentothal 
h.-us been utilized in diagnostic tests for iicriphcta! vas tilar disease'"^ 
and as a prognostic agent in the pre-operativ.- consi.leration of essential 
hypertension.'' 


Invtstigations by Heynohis and Vi-.-iP'-"- ' ' 
bility that <-ontinnons administration of stnall 


■ .suggest (he possi- 
amonnts of pentothal 


N 
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PHARJIACOLOGIC AND PATHOLOGIC CONSIDERATIONS 


Pentothal sodium, or sodium ethyl (1 methylbutyl) tliiobarliiturate, 
owes its success as an anesthetic agent to the fact that like evipal it 
belongs to the group of so-called “light" or short-acting bai’bitu- 
rates.'®’ The “heavy” barbiturates, such as nembutal and sodium 
amytal, remain unchanged in vivo and are cxcx’eted as such by the kid- 
neys for as long as seventy-two hours. For this reason, when they arc 
used as anesthetic agents, there is an undesirable prolongation of the 
anesthetic effect. Although the method of the destruction of pentothal 
in the body is not clearly understood, it has been shown that the process 
occurs so rapidly tliat scarcely a trace can be found in secretions three 
to twelve hours after the administration of single therapeutic doses, 
and for all practical purposes the effect lasts but three to thirty min- 
utes, depending upon the dose which is used.’“' However, after 

prolonged administration the rate of detoxification is not pi’oportion- 
ate to the total dosage, as shown by Kohn-Eichards and Grimes,®' who 
demonstrated that the rate of detoxification of pentothal given to rab- 
bits by continuous infusion is roughly one-half that after a single dose. 
Similar results were obtained in an experimental study performed by 
Kozelka and Hinc."'’ Grulizit and co-workers''® suggest that normal or- 
gans are able to de.stroy only a limited amount of pentothal or that the 
organs are so altered by the drug that they lose their capacity for de- 
to.vification. Butler and Bush-’- offer experimental evidence that some 
short-acting barbiturates are tramsfonned in vivo to less active com- 
pounds which have a inoi'c prolonged but lo.ss intense action. Either of 
thc.se explanations helps clarify clinical and experimental observations 
of the prolonged and variant effects of largo doses of pentothal. 


The pharmacologic action of pentothal .sodium has been subjected to 
close .scruliny by numerous jnvesligaloi's.-' 

04, ri. •'i*. ‘■0. hK-'m. JOI, IIG, in I3*>. 12'». III. ITi, HO. 147. 151. ISO, IGl, 102, 


K.4, it:, ITT. )T'>, is: iM. o:. ii:.:.!.. jj,. upon the circulatory system are 

minimal, no significant changc.s luiving been oltscrved clinically in the 
pulse volume !ind rate, tlic blood |)re,ssure.^"' or electrocardi- 
ographic tracings.’'- ="■ ’'=■ Tlie occasional aiipearance of 

conduction cliangcs. as indicalist by ectopic beats.''- has Insm explained 
on the basis of a transitory anoxemia, the relief of wiiich causes the re- 
sninption of norma! rliithm. (’ardiac irrcLiuIan'ths, already pre.sent. 
ha\c not hi'cn iiffectcii by sodium pciitotlial anestlie-!i;i.>''-- The well- 
rccogni/.'d \asodilatation whicli aecomi)anies .'nim'nistrati m of i)cntothal 
ha.s been ntili/cd in dnmnostic tests for peripheral vas iilar disease'"" 
.and as a prognostic agent in ti.e preoj.cr.Uiie consideration of (‘ssential 
h' pcrlciisioii ’’ 

Investigations bv Ib-ynohK ,„„1 Veal’-’ e-: .suggest the possi- 

bibty that continuous a.lministralion of small amount.s' of j.entotlsai 
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sodium may result in heart muscle poisoning. To a series of dogs they 
gave lepeated minimal narcotic doses, finding that there was a pro- 
gressively longer narcotic effect after each injection. In every instance, 
death followed a sudden drop in blood ijressure to zero, a termination 
which occurred without warning and in the absence of respiratory 
parah'sis. The suddenness of the blood pressure fall and the previous 
appearance of ectopic ventricular contractions suggested to the authors 
the development of ventricular fibrillation. The several reports of this 
group of experiments make no mention of any control of fluid balance 
or of oxygenation, and for this reason judgment must be vuthheld as to 
the validity of the conclusions drawn by the authors. It is MouseTs 
opinion^-^ that cardiovascular collapse is secondai-y to anoxemia caused 
by prolonged respiratory arrest. No such occurrence of cardiac failure 
during pentothal anesthesia is recorded in the clinical reports. 

Pentothal sodium causes a very definite respiratoiy depression which 
is clearly demonstrated b.v a shallowness of breathing without change 
in the respiratory rate. Clinieall3>-, respiration is likelj^ to be almost im- 
perceptible so that methods of evaluating the depth of anesthesia other 
than observation of the respiration must be relied upon. This depression 
of respiration is dependent upon the concentration of the drug in the 
blood at anj"- one time so that large amounts ma.v be given safely in 
broken doses over a period of time.'® Fortunately, the rate of destruc- 
tion of the drug given in therapeutic doses is so rapid that even though 
depression of respiration results in momentar.v arrest, breathing recurs 
almost before c.yanosis appears. Adriani and Rovenstine^“ have sho\vn 
experimentally that pentothal as well as other anesthetic agents produces 
a constriction of the bronchial musculature, probabh^ through para- 
sj^mpathetic stimulation, which is relieved by atropine. 

Weese,’*’® in calling attention to a number of deaths reported during 
operation for sublingual infections under various intravenous barbitu- 
rate anesthetics, advances the following interesting explanation on the 
basis of experimental vmrk performed with dogs. Infection in the ai'ea 
of the carotid sinus, which normally exerts an inhibitory effect on the 
respiratory center, increa.scs the sensitivity of this structure by im- 
pairing it's blood supply. Under thc.se cireumslanccs, the fast acting 
intravenous barbiturates ane.stltclizc the central nervous s.vsfem more 

Alv than the carotid sinus. If the carotid sinus is traumatized by 
onmation begun dinmig this phase of anesthesia, .such powei-ful in- 
1 U t/ion of tlm respiratory center may result that death ensues. Wcese 
7 --CPC tint anc.sthcsia continue for at least five minutes before the he- 
f snv operative procedure for infection in the neck so that 

ginning o . . aPowed for the anesthetizing of this portion of 

sufficient time mil am 


the vagus „„jtion of j)enfothal in the body has never 

■\Vliereas the - a.ssumcd that it is detoxified in 

clearly demonstratcci, u 


been 

the 
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liver. The clinical and experimental data which have been presented 
a.s a liasis for thi.s assumption, hoivever, have been not entirely convinc- 
ing. Three ease.s of jaundice following pentothal anesthesia have been 
reported. Yaizey^®'’ sugge.sted that in his ca.se the phenomenon may have 
been a .superimposed catarrhal jaundice; Phillips'*" reported two eases 
of jaundice “whicli might be attributed to pentothal.” Several an- 
e.sthetists''®’ report ca.ses in which pentothal administered to patients 
witli laiown hepatic damage caused prolonged periods of anesthesia. Ex- 
perimental poisoning of the liver ivith hepatotoxins, such as chlorofoi'm 
and carbon tetrachloride, gives to therapeutic doses of short-acting 
barbiturates long-acting anesthetic action.® 

Eeynold.s, Schcnken, and Yeal,'“®' after giving comparativel.v large 
doses of pentothal sodium to mice, found areas of focal necrosis in the 
livers of nineteen out of twenty animals, a change which also was pres- 
ent after nembutal anesthesia but absent after the administration of 
amytal and cvipal. Again these authors make no mention of metabolic 
control or oxygenation during anesthesia. Other^®'”’®® investigators in 
experiments ui>on mice, dogs, and monkeys have found no liver changes 
other than the mobilization of glyco.gen and its temporaiy replacement 
by fatty infiltration, a change which occurs in all general ancsthe.sia. 

Rnvdin'*® states that liver necrosis is likely to occur when any of a 
variety of anc.sthctic agents are u.sed, regardle.ss of tlie glycogen level, 
if the liver fat is above normal or the reserve stores of protein arc 
.seriously reduced. .Since in hepatic disease there is impaired flow of 
blood, anoxia of the liver results easily. Adequate oxygenation 
minimizc.s this danger. It is bis oi)inion that extensive liver damage 
occurs diu-ing ether anesthesia n-hen the oxygen suppl.v is reduced to 
lb per cent, a coni'entratioii b per cent le.ss than air, and that death fre- 
((uenlly is eaii.sed b.v anoxemia during ane.sthe.sin. Lahey®' .states that 
“anoxemia is the basis of most of the ane.sthetic diflicuUies.” 

.Scheiflcy and lliggins"’’’ called attention to the possibility that hepato- 
toxins may alter the eeiilral nervous .sy.stem as well .as tlic liver. An 
cxperimenl was devisial in whieh tliey removed 70 j)er cent of the liver 


of each of a croup of nine rats and observed that the duration of the 
aelion of i>enIotliai .sodium w.as not influenced by thi.s partial hepatee- 
toiny. Tiny found also that unilateral neplueeloiny did not affect the 
action of the dnur. 'rids method of appro.aeh woidd seem to ohviafe 
( 111 - Iilijeciions io the use of the hepatotoxins iu determining the aeiioij 
,if pmitothal upon the liver and to conaihorate the clinical observations 
of uihcr otisei vci-s that patients with hepatic daimiLre require full dose.s 
of p. iitosh.al sodium for narcosis.’- Tins form of anesthesia ha.s been 
u.s. d m .•■•ises of intense j;iuudiee.=" in massive enivinoma of the liver 
m eaivfutiy eoiitrolled noriiml ,-usis will, out the prodm-lion of liver 
,];,mave as measured by the tjuiek hippurie aeid and bromsulfalein tests 
or Ip wierns itidex ivadme.s ^Yherl•as cJimVal stirvival does not mean 
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that damage to vital organs has not been done, Cameron and de Saram=' 
express an opinion based on experimental work that fnnetional dis- 
turbance of the liver precedes actual damage which can be demonstrated 
by histologic methods. Sise^®® states his conviction concerning the effect 
of pentothal that ‘ when the liver is well supplied with glycogen and 
when there is no lack of oxygen during and following anestliesia, liver 
damage need not be feared.” 

Marshall^=^ mentions the administration of sulfanilamide as a con- 
traindication to intravenous pentothal anesthesia. Adriani,® in investiga- 
tions with rats to which sulfanilamide had been given, found that sub- 
anesthetic doses of pentothal became anesthetic, and that doses that 
were anesthetic to untreated animals were usually lethal to the sulfa- 
nilamized group. Lundy^"* reports that jaundice and general malaise 
have been observed clinically after the concurrent use of the two drugs. 
He and Adams^ suggest that pentothal not be used within twenty-four 
or forty-eight hours after the administration of another sulfur-con- 
taining drug. Other writers’®’- have sounded the same warning. 
However, Nosworthy’” and Smith”’ report the administration of 
pentothal to patients to whom sulfapyridine had been given in large 
doses without demonstralde ill effects. 


Clinicopathologic observations, as reported bj-- several authors,’®- ®’- 
iie, 150, 186 have demonstrated no significant changes in blood sugar, 
nonprotein nitrogen, uric acid, creatinine, and the Quick hippuric acid 
tests following sodium pentothal anesthesia. Kidne 5 ’' function as in- 
dicated by urinalysis is not affected.”® Mild variations in blood sugar 
levels have not been of sufficient degree to influence sodium pentothars 
favored use as an anesthetic of choice in diabetes.’®’- ’®’ 

Expei-imental ivork to determine the minimal lethal close of peiito- 
thal sodium in rabbits” and dogs®’ has proved this value to be apiirox- 


imatelv 35 mg. per kilogram of body weight, one-half of whicii amount 
"ives satisfactory anesthesia. Other inve.stigators®®- using rats and 
cats have estimated the minimal lethal dose to be from 90 to 225 mg. 


per kilon'ram, and Gruhzit and his co-workers''® have stated that the 
ratio of the maximal tolerated dose to the minimal anesthetic do.se is 
4 5-1 in rats and 3.8:1 in dogs. Given to rabbits in a single dose, 10 
er kilogram of the drug was found to be detoxified after ten inin- 
25 m" per kilogram after thirty minutes.” The results demon- 
that^so rapidly is the drug de.siroyed tlial the clinical use of the 
buermittent method’ allows one dose to be partly detoxified before the 
" . iniinistcred. This becomes e.spceially evident wlien if is i-on- 

next IS acm , ^ (mpsthesia is usually obtained by the adtnin- 

sidered la ^ kilogram of body weight and that siib- 

istration o css ^ kilogram of body weight. The 

sequent doses are ^ ojieration lasting one hour varies 

total amount ot pemo 
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bet.M-een 13 and 26 mg. per kilogram. Thus theoretically there is a veiy 
safe relationship between the probable minimal lethal dose in man and 
the amount required for anesthesia. Carraway^” has I'eported autopsies 
on twelve patients who died several days after operation, in none of 
whom was found any pathologic change which he attributed to the 
pentothal sodium anesthesia. 

Since immediate death of experimental animals after overdosage has 
been demonstrated to be due to re.spiratory paralysis without the effect 
of any other pathologic process, it follows logically that the recom- 
mended antidotes for pentothal sodium ai'e various respiratory stimulants 
such as coramine, pierotoxin, alpha-lobeline, metrazol, oxygen, and cai’- 
bon dioxide **• 

These in many instances have appeared to be specific in the treatment of 
overdosage. A note of caution in the indiscriminate use of coramine 
and metrazol was sounded by Maloney,”® who demonstrated that stimu- 
lating doses of coramine and metrazol, administered to barbitalized 
rabbits, caused transitory ai’ousal at certain dosage levels, with death 
from depression in others; in every instance coramine or metrazol, 
when combined with barbital, increased the duration of narcosis over 
that of tlic controls. It would seem that tbe.se obseiwations merit further 
investigation. 

Pierotoxin is reported to be the most effective antidote for pento- 
llial.’-”' However, witli its use there is a dangerous depression of 
cortical activity which comes on .last before the onset of coinml- 
sions.”'^"' A report of the Council on Pharmacy and Cliemistry of the 
American Medical Association’--' on the ‘‘Present Status of Pierotoxin 
in Poisoning by the Barbiturates” state.s that when the two drugs are 
given together, there is “a combined form of poisoning by pierotoxin 
and the l)arbiturate witli a mixture of .stimulation and depre.ssion, from 
which within a given range of dases the animal ultimately recovers." 
The rejiort sugge.sts that tlie u.se of jiicrotoxin is .iustifinble in eases 
wliii'h can be carefully studied. 


COXSIUER.VTIOX.S 

The introduction of two important improvements in the technique 
of administration of intravenous ane.sthetie drugs made it possible for 
pentothai sodium to lieeome an effective agent for general ane.stiiesia. 
The first of the.se inm>vations was the development of the inter- 
mittent method of administration in which the ane.sthetie .sohi- 
tion is in,ieete<i as the imliealion ari.ses. This teehniqiie permits 
the mainlemmee of an even ane.sthe.sia. ami heeaiiso of the rapidity 
Oi the tlisinietion Oi tile drug, makes .soilium jientothnl anesfhesi-i as 

..ontroUuide- 

ot any inhalation anesthetic. The second fumlaniental improveme.it 
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in the technique of administration was the wide adoption of the con- 
tinuous administration of oxygen during anesthesia. It has been shown 
that the bariiiturates as a class affect the respiration by decreasing its 
deptli. For this reason, adequate oxygenation during a barbiturate 
anesthesia can he obtained only by employing a concentration of oxygen 
higher than tliat found normally in fhe atmosphere. The continuous ad- 
ministration of high concentrations of oxygen during intravenous pento- 
thal sodium anesthesia permits adequate oxygenation to be maintained 
during phases of anesthesia productive of muscular relaxation sufficient 
for any operative procedure. 

In perusing the literature, one is impressed with the diversity of opin- 
ions concerning the scope of the usefulness of pentothal sodium. Many 
clinicians advise its use only for short anesthetics and in operations 
not requiring marked muscular relaxation."" *• 

This group lists as contraindications such conditions as asthma and 
cardiac decompensation, contending that abdominal operations and 
other procedures requiring muscular relaxation are not feasible under 
pentothal sodium. Still others"®’ ”®' i®®- ^®i have doubted that 

there are any contraindications to its use and indeed list so-called con- 
traindications as actual indications for intravenous sodium pcntotlial. 
During the last two j^eai’s, anesthetists who -were at first very cautious 
in the use of pentothal ha%"e found wider uses for the method. This has 
been especially evident at the ilayo Clinic where each annual report 
since 1934 has shown pentothal sodium to be used in a greater proportion 
of the anesthetics given at that institution.’®®'”’" 

If barbiturate narcosis is carried to a stage of surgical anesthesia, 
respiration, although it remains regular, is insufficient in depth to 
supply the body with sufficient oxygen; lienee a comparative anoxemia 
indicated by a peculiar pallor and mild cyanosis results. However, with 
the continuous administration of oxygen, whether by intrana.sal catheter, 
by mask, or by intratracheal catheter, this relative anoxemia is entirely 
eliminated, and the patient maintains a healthy color throughout (he 
anesthesia.* The concomitant use of oxygen and pentothal sodium f bus- 


permits the maintenance of a depth of anesthesia allowing complete 
muscular rela.xation®"' and makes intravenous pento- 
thal more w-idely applicable in various surgical procedures. At the 
same time the quiet breathing Is in itself a considerable advantage in 
that abdominal operations arc complicated le.ss by interruption from 
■nim^ and forceful respiration than under almost any other form of 
® ^ *; ' ja. sn. )3T, i.'.T |],is factor undoubtedly has considerable effect 

inTnercasing the speed of operation and in reducing the morbidity there- 


from. 

, hnie b"'-n .-‘r-n. It li ii iimttcr of cix ctilntln 
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Pentothal sodium is compatible clinically with all other common an- 
esthetic agents and may be used as a supplement to local, regional, or in- 
halation anesthetics. Organe and Broad’^' and later Lundy and his 
co-workei’s'” have suggested a technique by which nitrous oxide and 
oxygen in a fixed proportion^ are used as a basal anesthetic, with the 
addition of intravenous pentothal sodium to secure any desired depth 
of anesthesia. This method furnishes an adequate oxygen supply, and 
the small doses of pentothal which arc necessary make possible a shorter 
recovery period even after prolonged anestliesia, Lundy’®^ reports 
that after induction by ])entothal .sodium, intratracheal intubation can 
be accomplished in one-third the usual time and that a much smaller 
amount of the inhalation anesthetic drug is then required. GuedeP' 
states that pentothal and evipal. employed for the induction of an- 
esthesia before the administration of cyclopropane, are effective in pre- 
venting cardiac arrhythmias, by virtue of their action in elevating the 
threshold of activity of the autonomic nervous system and the conductive 
mechanism of the heart. 

Pentothal is finding increasing use as a supplement to spinal an- 
e.sthesia"- both to prolong the anesthesia, when the op- 

erative procedure comsumes more than the expected time, and to cause 
unconsciousness in the patient undergoing a long operation under 
spinal anesthesia. .Tarman." who ane.sthetizcs his patients with pento- 
thal before administering the spinal anesthetic agent, believes that 
in this way he is able to reduce the incidence of backaches and head- 
aches which frequently follow spinal anesthesia. Hand and Sise®’ 
state that it is their custom to admini.stcr intravenous pentothal to a 
l)uticnt undergoing an ot)eration upon the stomach under nupercaine 
spinal auestUesia as soon as the surgeon decides to ))erform a long 
procedure such as gastric resection. They j)oint out that muscular 
relaxation visually outlasts sensory anesthesia and that pentothal in 
small amounts will give adccjuato relief from pain and mental stress 
nmler sueh eireumsianees. Adams and Lundy" suggest liglit pentothal 
narcosis as an effective remedy for nau.sea oeeurring during spinal 
anesthesia. 


.Wde from offering a eonsiderable margin of safely and a wide nlililv, 
a good aiiesthetie should he neeeptahle to the patient. That this is true 
of pentothni sodium is aviequately atte.sted hy the testimony of those 
to uhom it has been aviministered. Organe and Broad,'"" in’eaUiug at- 
leiiliou to Ilie short jvost operative phase of eupimria frequently ex. 
per.en<-ed. tell of the Miigiush patient who dvsevibed his ('X)U'rienec -is 
'•!...tter than a tnp to Brighton.’* Phillips-^ reporl.s iJ.a! it j. eomnnm 
e^-rwnre to tm,l n patient eating a hearty lunch within two iamrs 

,.,„t -o,,-... .e... ;,..hV)K.n”viih ^ »•' '’f O I-It 

t'f ii.il t<i Ih T' 'intl r-rn'Ii » ]n\\ (-tinoi jj,. 
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following operation. Lahey,”® in giving his personal experience as a pa- 
tient, ealls pentothal “a delightful anesthetic.” 

Induction is a matter of a few seconds after the injection is begun. 
There is no excitement during the second stage, the patient drifting into 
•unconsciousness as if in normal sleep. This characteristic is of especial 
value in the management of the hypertensive and nephritic patient.'"" 
Taking advantage of the rapidity and quietness of induction, the sur- 
geon is able to shorten the period of anesthesia by preparing the field of 
operation prior to the beginning of the anesthetic.^"- =" Because of the 
similarity of the mode of induction to the universal “blood test,”-"’ 
lie, 123, 145, 150. 1 G 6 usually apprehensive thyrotoxic patient may be put 
to sleep in her room without an.y knowledge tliat operation is con- 
templated. Long, Mickal, and Ochsner"" have shown that tlie wisdom of 
this method of induction is reflected in the lessening of postoperative re- 
action in the hyperthyroid patient as indicated bj' lowered pulse and 
temperature curves. 

One of the most desirable characteristics of the recovery period follow- 
ing intravenous pentothal is the patient’s freedom from nausea and 
vomiting."^ Jarman and Abel®" reported 1,000 cases witliout a single in- 
stance of A’omiting wliere preliminary medication liad not been used. 
Cameron"® reported 225 cases in whicli the only instance of vomiting 
followed an opiate. In Rawlings’ series of 400 cases,’"" there was not a 
single instance of postoperative vomiting or headache. Nol all clinicians 
have had such perfect records, but the fact seems to be established tliat 
postoperative vomiting is greatly reduced, a factor which is of immense 
importance as regards the patient’s comfort and welfare. The acidosis 
associated with postoperative vomiting is a severe handicap, particularly 
to the diabetic patient, and makes the selection of an anesthetic drug 


which does not caiise nausea particularly desirable in this group of 
patients.”" There is also an absence of excessive sweating during tlie 
operative and recovery periods,""’ a characteristic which must ])e 
partially responsible for tlie fact that .shock seems to be Ic.ss than after 
other tjqies of anesthesia.""’ Following short operations, 

the length of the recovery period is extremely short, being calculated by 

• =®’ as from five to thirty minutes. Its length is 

various , i 

proximately proportionate to the amount of the drug admmisterc’d. 

Sillowiim the longer procedures, full recovei-y may be delayed for as 
”• - tn twelve houi’S."'’’ However, even in these eases, the 
long as SIX froni ten to .sixty minutes,"''’ although, un- 

patien im gjppp on. I’ostojierative rest le.ssness lias been 

disturbe , eomplication""- with an incidence in a large 

reported as a la DavLon and Rud.ler” rei-ort the oi’ca- 

Xnallnd micxplai'ned occurrence of hyfHT,,yrexia during the j.osi- 
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operative period, with fever of from 102° to 103° F. lasting six to 
eight hours, but state that they have never seen a bad result from its 
occurrence. 

Whereas intravenous sodium pentothal is employed l)y some surgeons 
as the anesthetic of choice in all surgical procedures,-'’' its use is 
limited to certain operations by others. The absence of the anesthetist 
and his apparatus from the region of the operative field malies the use 
of intravenous pentothal desirable in operations upon the head and 
neck, particularly in those cases in which the use of the cautery or 
elect rosurgical unit creates a distinct fire hazard. It is reported as a 
desirable anesthetic by urologist.s,”®' ophthalmologists,®® psychi- 
atrists and neurologists,”' ''®' bronchoscoplsts and laryngol- 

ogists ;®' ®''' it is used to control the convulsions caused by local and 
general anesthetic agents, by tetanus and eclampsia”' 
and to create a phase of “twilight sleep’’ permitting more careful in- 
vestigation and treatment of personality problems.”' 

The elderly and the debilitated tolerate intravenous pentothal sodium 
especially well,"' '■'® and it is reported as the method of choice 

not only in these poor risk groups but also in diabetes/' myocardial 
degeneration,'-''®" asthma, chronic bronchitis, and pulmonary tubercu- 
losis,""' surgical shock,®'’' ’''®' "" and in ])atients in whom, for one 
reason or another, inhalation and spinal anesthetics are conlraindi- 
cated.’""' '‘® It is reported as the anesthetic of choice in manipulative 
surgery”' where the low incidence of vomiting makes it desirable in 
a group of patients who frequently have eaten rceently 


Some of the most ai'dcnt exponents of jientoflial are those men who 
have employed it in the field of obstetrics. Ka.ssebohm and Schreiber"" 
hn\e rejiorted 2r)0 cases in which intravenous evij)!d or sodium pentothal 
was used dining childbirth without the occurrence of alarming signs or 
.sjmptoms in mother or child. They and other writers'" s'!. isr.u-. i?- 
have locominended it as an analgesic agent during the final stages of 
laboi and during cesarean section. They believe this form of anesthc.sia 
to 1 ) 1 ' especially suited to obstetrical practice for several reasons: it has 


no efiect upon uterine contractions except to enhance slightly their 
force, a faeloi' uliieh is thought to shorten labor, no de|uession of 
infant lespnalion has been noticed; no instance of jiost-jiartum henior- 


iha-gc uitlueiieed by the drug lias been observed , a state of analgesia can 
be deepened quickly to one of anesthesia on occasion; patients under 
ill)' efleet of pentothal sodium were vciy amenable to suggestion and co- 
operation uas easily obtained. This last charaetet istic was of great 
salue in Horsley V expeiieucc in the management of ehildbirlirin 

''‘■''''s lepoilcd In Kassebobm and .Sebreiber= in. 
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eluded the sueeessful manageTnent during labor of a ease of status 
asthinatieus, one of a decompensated rheumatic heart, and a third of 
severe pyelitis. 

Intiavenous pentothal sodium is proving valuable to British anes- 
thetists in the exigencies of military surgery.'"’ It is of particular 

value to victims of chemical warfare ■when it is desirable to use an anes- 
thetic agent which is not irritating to the lungs. Solutions are relatively 
stable for from twenty-four to forty-eight hours, and as much as 500 o.c. 
can be made up at once and used over that period. Because of the 
availability of the drug, the ease with which it -is transported ajid admin- 
istered, the short induction time and the quiet recovery, important time 
and energy can be conserved when one anesthetist must be responsible for 
numerous anesthesias in a short period. 


IffiTHOD OF ADMINISTRATION 


The apparatus used for intravenous pentotlial administration may be 
as simple as a sterile syringe and a small-bore intravenous needle. 
Various amplifications of these have consisted largely of apparatus for 
stabilizing the source of supply of the anesthetic solution. Some anes- 
thetists employ a three-way valve which allows the continuous adminis- 
tration of intravenous fluids during operation with the addition of the 
pentothal sodium solution when indicated. Others have made use of 
various types of stands for holding the syringe containing the solution. 
It can be injected into the tubing through which normal saline solution 
or blood is being given intravenously, but it is said to form a precipitate 
when mixed with glucose solution.®' 


Preoperative sedation with a “heavy” barbiturate, an opiate, and 
atropine is considered generally to be desirable, although a few anes- 
thetists prefer to use nothing be.sides atropine preoperatively in order to 
avoid undue depression during and following operation. Ijong, Iirichal, 
and Ochsner"' studied fifty patients undergoing thyroidectomy and 
demonstrated that po.stoperatively the elapsed time before recovery from 


the anesthetic was much shorter in those patients receiving little pre- 
operative sedation and pentothal anesthesia .supplemented by ethylene 
and c.yclopropane than in those patients receiving a “heavy” f)ari)iturafe 
preoperatively and inhalation anesthc.sia alone. Atropine is tiioughf 
to minimize excessive trachcobroneliinl secretions, and. by decrea.sing 
■a^al tone to act as a prophylactic agent again.st transitory hiceongiiing, 

• nnd larvngeal .spasm which have been observed infre(|uenlly 

rlnrino’ the induction of (he aiie.sttie.sia. im 

'' Isrvnf'eal .spa-sm has been attributed In the i>res(>ni’e of 

oeciirieiice „j,d to an iinprojier speed of injection of tlie 

mucus in and Roven.sline’'’ in an experimental .study 

anesthetic ciHr- nmdnces a eonstrietor effect ui>on tlie l)ronehiaI 

showed that pentothal piotiuc . 
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luiiseulature through the agency of parasympathetic stimulation, an 
effect whicli can he prevented bj' the prophj'lactie use of atropine sulfate. 

The pentothal sodium is dissolved in sufficient distilled mater to make 
the desired solution. Since it has been shown that the incidence of 
phlebitis in the vein receiving the solution is directly proportionate to the 
concentration of the drug’®* (1 ease in 1,000 with the use of 5 per cent 
solution; 1 ease in 3,000 with 2.5 per cent solution), a concentration of 
5 or 2.5 per cent is usually employed for induction of anesthesia while 
a 2.5 or 1.25 per cent solution is used for subsequent injections. 

No established dosage can be indicated because of the marked varia- 
tion in individual suseeptibilitj', but it has been stated that the necessary 
dosage varies directly as the muscular component of the patient.*^ The 
toxic or cachectic patient usually requires a proportionately smaller 
amount.®* As a rule, from 4 to S c.c. of a 2.5 per cent solution is required 
for induction of ane.sthesia with the additional administration of 1 or 2 
c.c. as the indications arise. A total dosage of 1 to 2 Gm. is usually suf- 
ficient to maintain adequate relaxation for an hour’s anesthesia. The u-se 
of as much as 3.15 Gm. has been reported’®® during an anesthesia of five 
and one-fourth hours for a neurosurgical procedure. The depth of 
anesthesia is be.st judged by the degree of muscular relaxation which is 
pre.sent ; anesthesia sufficient to produce abdominal relaxation likewise 
will cause complete relaxation of the muscles of mastication. Rivett and 
Quaylo’"'’ stress the fact that even light anesthesia gives good muscular 
relaxation if the .surgeon is not rough in handling these structures. The 
condition of tlie patient mu.st be watched carefully by constant obseiwa- 
Vion of the blood pressure, the rate and volume of the pulse, and the 
color of the mucous membranes and nail beds.’*® Since respiration may 
he all but impcrccptiltle. Lundy’®® has devised a cotton “butterfly” 
which he attaches to the patient’s upper lip so that the movement of air 
through the nostrils may be visualized. Heard®* states that a widely 
dilated puj)!! with a fixed eyeball means momentary overdosage, while 
a widely moving eye with a pupil of normal size and activity indieate.s 
returning conseioiisne.ss. A desirable state of surgical anesthesia is 
indicated by a fixed or .slowly moving eyeball with a moderately dilated 
pui)il reacting sluggishly to light. 


Mainteiianee of ready aeee.ss to an adequate supply of oxygen is 
essential, for this jiurpose the aiie.sthelist must ilevi.se a patent airway 
I)y Iiolding forward the jaw or by employing meehanical aids if neevs- 
sary . < Ixygen should be afbninistered throughout the nnest hesia hy nasal 
catheter, by one of the several t\'}ie.s of mn.sks or by an intratracheal 
tube. After tile operation tiie patient must be attended eon.stnntly until 
bis retlexes n'Snrn. It is nsnnily neee.ssary to siqiport the jaw duriim -i 
part of tins period. Lundy- advises tbe eoniimmus n.lministrath.ii 
of oxygen tintil signs <if recovery appear. 
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^ The addition of various respiratory stimniants to tlie anestiielic solu- 
tion has been reported by several authors-®’ jj^yg observed 

as much as 30 per cent increase in the respiratory rate with a concomitant 
increase in depth of respiration. Other anesthetists emploj’' pierotoxiii, 
coi amine, oi’ metrazol routinely at the end of the operative procedure. 
On the occasion of jieed for an antidote for pentothal sodium overdosage, 
one of these drugs may be given repeatedl,y intravenously in full 
therapeutic dosage.^®- =«• The general tendency, how- 
ever, is to abandon the routine iise of these drugs.'"® 


Table I 

Intravenous Pentothal Sodium Anesthesia 


Australian Medieai Congress 

Berkwitz 

Bourne 

Brown and Troup 

Bullard 

Cameron 

Carraway 

Clianey 

Cook 

Cooper 

Davies 

Davison and Rudder 

Dixon 

Drury 

Fisher 

Gardner, Kosik, and Brubaker 
Garofalo 

Gold and Garofalo 

Haskell 

Heard 

Horsley 

Hotten 

Hunt and Lundy 
Hutchison, Mitchell, and 
McHugh 
Jarman 

Kassebohm and Schreiber 

Knight 

LaBrecque 

Long, Micknl, and Ochsner 

Lorifan, AVestphal, Grandsfaff 
Marshall 

Miller and Tovell 


9 

Moore 

500 

GOO 

Murphy 

100 

IIG 

Nicholson and Sise 

177 

56 

0 ’Crowlev and Chmelnik 

250 

718 

Organe and Broad 

236 

225 

Pa3Tie 

1 

5,963 

Phillips 

500 

14 

Pieken brock and Olsen 

78 

1 

Poole and Long 

25 

27 

Porter 

100 

9 

Pratt, Tatum, Snthnway, 

and 45 

1,524 

Water 


18 

Rawlings 

400 

16 

Rirett and Quavle 

42 

175 

Ruth, Tovell, Milligan, 

5,500 

25 

and Charleroj’ 


1,045 

Schindler 

1 

1 

Selmnn 

50 

20 

Shackleford 

50 

60 

Sise and Ford 

146 

2,000 

Smith 

30 

1,500 

Smith 

106 

25,001 

Solomons 

4.3 

5 

Somerfield and Tovell 

1 


Thomas 

3,100 

1,,326 

Tucker 

377 

125 

Vnizev 

1 

150 

Van (icr Post 

300 

44 

A’'illar Andrade 

11.S 

1 

Wilcox and Tovell 

10 

25 

Williams 

4 

250 

Woodbridge 

2S2 

227 

%ioroM 

160 







500 

Total 

.54,851 


STATISTICAL DATA 

That intravenous iiciitothal sodium is gaining a deserved poimlarity 
ted bv series of figures such a.s those from the itlayo Clinic'" 
I '^•enort's that in 1940 this method was employed alone or in coni- 
^ . on.', per cent of all instances in which an anesthetic was 
nation m •• review of all the American and British litera- 

Iministerecl. i anesthesia bv intravenous 
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ported to liave occurred during anesthesia, two afterward. A brief 
analysis of these is necessary to formulate a mortality rate. 

1. Organe and Broad’^' report a death in a man, 88 years of age, 
whose abdomen was opened because of a ruptured peptic ulcer; this 
death, they state, was not due to the anesthesia. 

2. Cameron-® describes an obese diabetic patient who succumbed 
twenty-five minutes after the induction of anesthesia; the autopsy 
showed multiple cardiac infarcts. 

3. Carraway^” reports 3 deaths in his series : an elderly patient with 
a strangulated hernia who vomited and aspirated into the lungs large 
quantities of fluid during the second stage of anesthesia. 

4. A negro male with a crushed hand whose death was proved at 
autopsy to be due to air emboli. 

5. A hypertensive patient with an enormous heart who ill-admsedly 
was given an anesthetic and who died in the second stage of anesthesia. 

6. One of Cooper’s’^ patients died from ma.s.sive pulmonary hemor- 
rhage during bronchoscopy in a ease of lung abscess. 

7. Wilco.x and TovelP'’’ report the death of a diabetic patient follow- 
ing an operation in which intravenous pentothal sodium anesthesia was 
employed; however, they fail to state the length of elapsed time or 
whether the death was influenced by the ane.sthctie. It is interesting to 
note that the mortality in the group receiving pentothal sodium in- 
travenously was 5.3 per cent while the mortality rate in their entire series 
of 236 operations on diabetic patients was 12.2 per cent. 

8. Davison and Rudder'’® report “one death in which anesthesia 
played a part,” that of a young negro with bilateral pulmonary tubercu- 
losis who had a local anesthetic supplemented by pentothal. Four 
hours after operation there was a respiratory collapse and death. 

9. 10, n, 12. Jannair® reports 4 deaths at (Tenoral Hospital during 
1!)3S in patients, each of whom had received pentothal sodium in com- 
bination with several other ane.sthctie agents. 

13. Patterson''” reports 2 deaths during pentothal anesthesia. One 
occurrcil in a woman, oG years of atie. who had a long history of cardiac 
insurR<‘iency and was classified as a poor risk, .\ftcr she was given 5 
c.c. of a 2..) i)er cent solution of pentothal sodium for the e.vtraction of 
a tootii. her whole body became rigid. Although In'r heart contimied to 
heat for three minutes, artificial rcsi>iration was not effective because 
of the fixation of Die jiatient's thorax in expiration. No mention is 
made of the availability of oxygen or iif adeipiatc apparatus for it.s 
administration. 


14. A male patient acutely ill from Lmlwig's angina was given .5 e 

per cint .solution oi pentothal sodium and the o]>er;itioti was heenn 


.c. 
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to have respiratory difficulty and ceased to breatli, although ins heart 
continued to beat for five minutes. This episode is similar to those 
reported by Weese'“® in ■which deaths from respiratory paralysis oc- 
curred during- operations for sublingual infections in patients incom- 
pletely anesthetized with evipal. 

Eliminating the cases reported by Organe and Broad, Cooper, Wilcox 
and Tovell, and Jarman, there remain 7 instances in Avhieh deatli inay 
be ascribed to the anesthetic agent ; 4 of these might have been avoided 
had proper facilities been ax’ailable or had better preparation of the 
patient and better clinical .iudgment been used. Eemarkable in lliis 
collection of 54,851 cases is the absence of any single report of post- 
operative pulmonary collapse or pneumonia; symptoms of milder 
respiratory complications were almost as rare. 

Although an honest effort has been made in the preparation of these 
figures to avoid duplication and other inaccuracies, we do not presume 
that they represent an accurate estimation of the actual use of pentothal 
sodium. Numerous clinicians have not reported their experiences and 
others have done so without enumerating their patients or mentioning 
anesthetic mortality. Up until May, 1940, the manufacturers had dis- 
tributed more than 1,800,000 ampoules in this country and in England,' 
but how much of this remains still in the hands of wholesalers and 
branches is not known. Likewise, the accuracy of tlie mortality rate 
which we have tried to establish undoubtedly will not stand the test of 
larger series, but will serve for the present to point tlie risk which this 
method entails. 

As in the use of all other types of anestliasia, the greatest danger to (he 
patient lies in the administration of intravenous pcnlotiial by inexperi- 
enced anesthetists. This point is made poignantly again by JarmaJi” 
who in collecting the 1,300 anesthetic dcatlis reported i)cfwccn 1921 and 
1939 found that SO per cent of the fatalities occurred witli liousc offieci's 
in charge, whereas only S per cent of tlie reported deaths were among 
patients managed by full-time aneslhetists. Lahey,"' Lundy and 
Tovell and Ruth, Tovell, Milligan, and niarleroy’"-'’ reiferale this 
warniu" for those who would use intravenous penlolhal sodium. TIow- 
ever, numerous writers, among whom are Jarman and Abel,"" Ka.sselmhm 
and 'sehreibcr."= Lundy and his a.ssoeiale.s,”' iMallimson,'"'' Jfurphy,"- 
and Thomas,'"" attest the .safety of this airent when used by a cautious 
mid skilled anesthetist who has at hand adef|uate e(|uipment. 
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to have respiratory difficulty and ceased to breath, although his heart 
continued to beat for five minutes. This ej^isode is similar to those 
reported bj^ Weese’®® in 'which deaths from respiratory paralysis oc- 
curred during' operations for sublingual infections in patients incom- 
pletely anesthetized with evipal. 

Eliminating the cases reported by Organe and Broad, Cooper, Wilco.x 
and Tovell, and Jarman, there remain 7 instances in which deatli may 
be ascribed to the anesthetic agent; 4 of these might have been avoided 
had proper facilities been aA'ailable or had better preparation of tlio 
patient and better clinical judgment been used. Eemarkable in this 
collection of 54,851 cases is the absence of any single report of post- 
operative pulmonary collapse or pneumonia ; symptoms of milder 
respiratory complications were almost as rare. 

Although an honest effort has been made in the preparation of tliese 
figures to avoid duplication and other inaccuracies, aa'c do not presume 
that they represent an accurate estimation of the actual use of pentothal 
sodium. Numerous clinicians haAm not reported their experiences and 
others have done so Avithout enumerating their ])atients or mentioning 
anesthetic mortality. Up until May, 1940, the manufacturers Iiad dis- 
tributed more tlian 1,800,000 ampoules in this country and in England,' 
bAAt hoAv much of this remains .still in the hands of Avliolesalers and 
branches is not knoAvn. LikcAvise, the accuracy of the jnortality rate 
Avhich Ave have tried to establish undoubtedly Avill not stand the test of 
larger series, but Avill seium for the present to point the risk Avhich this 
method entails. 

As in the use of all other types of ancslliesin, the greatest danger to tlic 


patient lies in the administration of intraA'cnous pentothal by inc.vperi- 
enced anesthetists. This point is made poignantly again by Jarman'" 
aa4io in collecting the 1,300 anesthetic deatlrs reported l)etAveen 2921 and 
1939 found that SO per cent of the fatalities occurred witli house officers 
in charge, Avhereas only 8 per cent of the I'cported dcatlis Avere among 
patients managed by full-time ane.sfhetists, Uahey.'" Lundy and 
Tovell'"® aiiJ RAith, Tovell. Milligan, and Pharleroy''''’ A-eiteratc this 
warning for those who AA'ould u.sc intravenous pentothal sodium. UnAA-- 


ever, numerous av 


riters, among Avhom are Jannan and .11)01."'' Ivassebohm 


nd 'Sehrciber,"= Lundy and his a.ssoeiale.s,”' Mallinson,"'' Murphy."= 
mid Thomas,'"'" attest the safety of this agent Avhen used by a ejuitions 
and skilled anc.sthcti.st avIio has at hand adepiiate eiiuipmenl. 
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on the ureteropelvie junction for stenosis (Y-plasty of Folej’ and others), 20 cases; 
(c) resection of renal pelvis and reimplantation of ureter, 10 cases. 

Mclver stated the purpose of all these operations vras to refunnel the pelvic 
outlet. He demonstrated many valuable technical points, including the use of a 
“blowout patch” of fat to seal a defect rather than an overabundance of sutures; 
the use of a nephrostomy tube and ureteral catheter splint for ten days to three 
weeks after the plastic and the reimplanting operation; the necessity for complete 
lysis of adhesions, bands, and vessels at the junction, after which, if obstruction 
still remains due to stricture, a plastic must be done ; the combining of a nephropexy 
to provide suitable postural drainage along with the corrective operation; and 
finally systematic cystoscopic dilatation and lavage in subsequent treatment. 

Next Louis M. Orr, Jr., in association with F. B. KUhdert, Orlando, Fla., dis- 
cussed Eenal Counterbalance in Belation to Conservative Eenal Surgery. Orr re- 
viewed Hinman’s theorj' of counterbalance, which states that, granted a normal 
kidney and a hydronephrotic kidney of sufBciently long standing so that its func- 
tion has been assumed by the normal kidney, anatomic relief of the hydronephrotic 
kidney will not be followed by its functional recovery. Orr presented a personal 
case in substantiation of Hinman’s theory in which satisfactory anatomic regres- 
sion of a hydronephrotic kidney following a plastic procedure was not accom- 
panied by recovery of function. A moderate hjqjertension developed also. Orr 
conclwded. that the ahthty oi a hydronephrotic kidney to recover could he tested 
by retention catheters and functional tests. Perhaps nephrectomy might be pref- 
erable in some cases rather than conservative surgery. 

Thomas D. Moore, Memphis, Tenn., presented Late Results in Plastic Surgery 
in Hydronephrosis. Factors involved in the choice of cases for this type of sur- 
gery include the age and life expectancy of the patient, the possibility of future 
childbearing, the economic status, the ability to clear up or control urinary tract 
infection, and the type of obstruction. 

In 18 cases (2 bilateral) of noncalculous hydronephrosis operated upon by Moore 
and followed for from seven months to ten years, there was no operative mortal- 
ity; the ages were from 7 to 70 years; there w'ere 2 failures with subsequent 
nephrectomy and another developed a stag-horn calculus six years after operation. 
Best results were obtained in 10 cases of high insertion of the ureter, where only 
1 failure occurred. In 6 cases of aberrant vessel, section of the vessel alone in 6 
instances was disappointing. 

Moore said a word in favor of the Eammstedt incision for ureteropelvie junc- 
tion stricture. He had found reimplantation of the ureter gratifying. Long 
nephrostomy drainage and splinting (e.g., six weeks) was advocated in some cases. 

In general, late results of conservative surgery were SO per cent good and 20 
per cent unsatisfactory. 


Discussion of this sympo.sium settled largely around the question of counter- 
balance. C. E. Burford, St. Imuis, and E. E. Van Duzen, Dallas, questioned its 
clinical application. In regard to the conservative surgery, Van Duzen would 
prefer to do a plastic procedure, but if it were uot feasible, he personally would 
do a nephrectomy rather than attempt reimplantation. 


•!. tTrcterointcstlnal Implantation; Experimental and Clinical Eesults With a 
New Method, Hugh J. Jewett, Baltimore, did. — The operation is carried out in 
two stages. Stage I; Abdomen opened in midline; ureters freed up from pelvic 
brim downward; end) buried in a furrow along tlic corrc.sponding .side of the 
sigmoid and nl.domcn closed. The ureters are not severed and the urinarv stream 
)s not diverted. Stage 11: After two vreeks or longer, abdomen reopened; ureters 
distal to implantation severed and segment attached to bladder tied and allowed 
to retract; a special insulated electrode devised by .Tewett is inserted into open 
em n imp an e< ureter, enrrent applied and electrode plunged into bowel- end 
of ureter now treated ns nppondix stump by burying in boLl wall. ' 


Review of Recent Meetings 


MEETING OF THE UROLOGICAL SECTION OP THE SOUTHERN 
MEDICAL ASSOCIATION, ST. LOUIS, MO., 
NOVEMBER 12 AND 13, 1911 


Harry jM. Spence, M.D., Dallas, Tex. 


' I ' HE Urological Section of the Thirty-Fifth Annual Meeting of the Southern 
Medical Association met November 12 and 13, 1911, in St. Louis. The follow- 
ing program was given: 


1. Benal Cortical Necrosis: Case Reports, Fred K. Garvey, Winston-Salem, N. 
C. — Forty-two cases of this entity were reported in 1931 and forty-seven addi- 
tional cases have been recorded in the last seven j’ears, showing it is of clinical 
importance. While there are exceptions, it occurs typicallj' in pregnant multip- 
aras over 35 j’ears of age and is characterized bj- renal pain, nausea and vomit- 
ing, edema, anuria, and death. The anuria, which is the most striking symptom, 
comes on suddenlj' after deliverj- in a patient with no previous urinary abnormal- 
ities. Cystoscopic examination, including retrograde pyelography, is negative. The 
etiologj' is unknown, but the pathology consists in a thrombosis restricted to the 
terminal lobular arteries of the kidney with coagulation necrosis of the renal 
cortex. Garvey has seen three cases, all following delivery. The first patient was 
anurio for seventeen days before death. In the second, the N.P.N. reached 200 mg. 
per 100 c.c. of blood before death on the tenth day. The patient in his final case 
passed no urine for five days before dying. These cases showed normal pyolo- 
grams; autopsy revealed the cortical necrosis. 

In the discussion, J. C. Pennington, Nashville, Tenn., reported a case in a new- 
born simulating this malady. Another discussant felt that probably some cases 
diagnosed as eclampsia are actually cases of renal cortical necrosis. 

2. The Technique of Pyelography, H. McClure Young, Columbia, Mo.— Young 
nre”sented his method in detail, the c.ssentials of which are the use of a 10 c.c. 
niston svringe and slow injection of the pyelographic medium with cessation ot 
iniection at any facial expression of discomfort by the patient. He docs one side 
at a time. He empliasized the necessity for cooperation by patient, x-ray Iceli- 


jiiciuHj artd doctor. 

j V Reaves, Mobile, Ala., an.l H. K. Wade, Hot Springs, Ark., reiterated that 
‘ = the watchword in pvelography. Tliey felt there was no vnbd ohjee- 
f-on trnnking a bilateral pyelogram on the sumo plate. H. M. Spence, Dallas, 
' 1 1 tl It -lir Iivelograms were not used as generally as their \aliie would -Har- 
stated experience «.th the method, he has heen eonviaced 

T-; Vtv aLi value, particularly in stone eases. Also in the dispensary ,m- 
tienlrit nn eco.ioniij advantage beeause the fia, plate and ,,yeIograrn eonhl 

be combined on one film. 

i.,Tn on conscrv.attve Renal Surgery. R. B. Mclvcr, .)iiel.«onv ilh , 
.n. In a Procedures for the Correction of Defective Renal Drain- 

Fla., spoke first on . surgical eorreelloa of signifieani tireteropeU w 

nge. He confined ,.b.,„res of h.s .eehnic,..,.. la a sero-s 

obstruction and pre o„n«errnti\<- operation- ns follou«: fa, di-po .. 

e., 
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a traction suture of catgut passing through the gubernaculum or lower pole of the 
testicle out through the scrotal sac and being tied to the shin of the thigh. This 
suture absorbs in a weeh or so after all danger of retraction of the testicle has 
passed. He described a case of cryptorcMdism in which he found the testicle in 
the neighborhood of the hidney and was able to bring it down to its normal posi- 
tion after severing all blood supply except the artery of the vas and the vas itself, 
and have the testicle remain viable. This fortunate result is a marked exception 
to the general rule. 

Lowsley reported 15 per cent success in Ins hands of Hagner’s operation of 
anastomosing the vas to the upper pole of the epididymis in cases of sterility due 
to occlusion of the genital passageways following epididymitis. 

Lowsley gave follow-up results of the operation he has devised for impotence, 
which consists of plicating the isehioeavernosus and bulbocavernosus muscles with 
Ids ribbon catgut through a perineal incision. Of 143 cases, he was able to follow 
personally, 67 per cent were considered successful, 22 per cent improved, and 11 
per cent unchanged. The most suitable cases for operation are the ones following 
some traumatism to the perineum. In the individual with atrophied perineal mus- 
culature, subsequent to earlj' hypersexual activity, it is also indicated. He was 
emphatic in his insistence that this is not an operation for old men or psycho- 
neurotics and should be done only after exhaustive preoperative study and 
observation. 

A motion picture showing Lowsley 's operation for hj-pospadias was presented. 
This is well illustrated in his recent textbook. He has treated approximately 
fifty cases by this method with good results. He prefers to do tlie procedure 
shortly before pubertj-. Some idea of the patience required in tliis type of case 
is shown by a patient on whom seventeen separate operations were necessary be- 
fore an ultimate excellent result was achieved. 


9. Grayson Carroll, St. Louis, delivered the Chairman’s Address entitled Uro- 
logical Investigational Work in the South, in which he summarized the original 
investigations in all fields of urology by the membership. In answer to question- 
naires sent out to twenty-five representative members, he found that adequate 
facilities exist for investigational work, but most men met the expenses of their 
investigations wholly or in part out of their own pockets. Carroll pointed out 
the advantages of having endowed research institutes, including funds from com- 
mercial firms and foundations supported by royalties from medical patients, to 
make further investigations. He urged urologists to use their influence in appro- 
priate ways to found institutes for research. 


10. Jarratt V. Eobertson, Birmingham, Ala., spoke on Kenal Injury, presenting 
his observations on 2G ense.s. The series included 25 males and 1 female. Causa- 
tive factors inchulcd: automobile accidents, 12; penetrating wounds (knives, gun- 
shot, ice pick), 0; fall.s, 6; football injuries, 2. The pathology varied from con- 
tusions to lacerations and frank rupture. The predominant sv-mptom was liema- 
turia, which was present in over 90 per cent of the ciises, while shock, renal pain 
and tenderness, and injuries to other viscera were noted frequently. 

In regard to diagnostic measures, Robertson favors cystoscopy and retrograde 
pyelography as most valuable in showing early tiie extent of the’damage and lav- 
ing the basis for projicr treatment. He feels that the excretory urogram is not of 
mucli value in these cases due to .supprc.ssion of urine from the attendant shock 
and impaired renal secretion and that the daiigcr.s of .sepsis following cvstoscopv 

niid retrograde examination luivc been exaggerated ’ 

Roi.ertson emphasized that tiie treatment depend.s on the genernl condition of 
tiie patient as regards slioek, associated injuries, and the extent of the renal dam 
age shown on retrograde pyelograpliy. He recommends trying conservative treat- 
ment first, laeuiding bed res, for two weeks after cessation of the hematuril 
I requeat checkups are necessary in cases treated eoiiservntivelv. His rule i n Th e 
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Jewett has done the operation in numerous dogs and several liunian beings. 
Excretory urograms and autopsy specimens attest to the value of the niethocl in 
avoiding sepsis and constriction of ureteral opening. 

H. A. O Brien, Dallas, evaluated the method favorably as combining the best 
features of several preceding methods. His only theoretical objection was that 
the final opening in the ureter was in its lateral wall rather than its open end. 

5. SiUfathiazole Therapy in Venerology, A. A. Creecy and H. L. Switkes, New- 
port News, \a. Creecy reviewed an extensive experience with hospitalized young 
males in which various dosage schedules were used. The diagnoses included gon- 
orrhea, nonspecific urethritis, and chancroid. He concluded that the drug was 
very effective in all these conditions. Large initial and total doses in the hos- 
pitalized group were somewhat more effective than moderate doses. Sulfathiazolc 
blood level determinations were not particularly helpful. Creecy has had oppor- 
tunity to study sulfadiazine also, and he feels that sulfathiazole is somewhat more 
toxic than sulfadiazine but no less efficacious. 


7. Preoperative Use of Sulfathiazole for the Prevention of Postoperative Com- 
plications: A Clinical Study, J. A. 0. Colston, with R. W. Satterthwaite, Balti- 
more, hid. — In spite of all the usual precautions, infection still remains a hazard 
in operations on the genitourinary tract. It has occurred to many that having a 
sulfonamide concentration present in the body at the time of operation might 
prevent the growth of bacteria already present and the ingress of others follow- 
ing the operation. Thus Hugh Young and his co-workers have reported on the 
preoporative use of sulfathiazole in fourteen pla.stic operntion.s on the genitals in 
which it was evident that healing occurred more quickly and with less danger of 
sepsis. 

In order to determine the value of sulfathiazole administered prcopcrativel.v as 
a prophylactic against postoperative complications, Colston, over the past eighteen 
months, used the drug routinely in a series of 112 urological eases where infec- 
tion was already present or where the urinary tract was to be opened and com- 
pared the results with a corre.spoiiding control scries in which the drug wns not 
used. A dose of 2 to -1 Gm., averaging .1 Gm. a day, wa.s- administered for a pre- 
operative interval of forty-eight hours, including a dose on the morning of opera- 
tion. Colston felt this dosage and intervjil gave a maximum protective etTecf 
with a minimum of toxicity. The postoperative temperature chart wns used ns 
the index of morbidity. 

In the group which had received sulfathiazole preoj)erativeiy, the temperafnre 
reactions were consistently lower in the first four ]iostoj)crntive days than in the 
control series. This was i3articulnrly noteworthy on the third and foiirth ilay.-J, 
when elevated temperature means .serious sepsi.s. Furthermore, no pneumonia or 
blood stream infection occurred in the sulfathiazole-treated series in distinct con- 
trast to the control group. 


S Oswald S. Lowsley, New York City, wns the guest speaker, selecting as hi- 
} ' ct Plastic Operations in Urology. He presented many illustrated eases. I’or 
exe’^tionnl incontiaeace in women, he has modifie.l the elassie Kelly oper.-ilion of 
'^v f r tl e base of the urethra and bladder neck by making an incision snjierior 
pben ‘ . „„i plicnling the roof of the urethra with ril.hon eatgiil. 

JO the external meatm^^^^^ ...uscniatnre and n-etal v.all throngh 

He has sitni ar of incfmtinrnpi* of iiririf ainl ft-f-cv dii** to 

perineal expos'll rt lliat ribbon rat^nt rhnttiirH fiiily b; n** rniirh 

bifida %vith ^oni rt^ variofv and thr Jidditiinud nd wirilnt;r of 

catgut as the ^ ,^ 1 ,, ,„„w,-idutnre-: it is nltirnatety replaced t.v lil.relda-('. 
not riittinjT to.'tirb* ii"*— a TitodifiiM! Tor.4. jiro-fdnrt- in 


For undcsceniieii 11 • 1 ,.„irh ns iios.ild*- bv mei ieulon-dy 

,ncr lengthening the cord ^ , 

fd.roas hands, ndhes, on-.. «-.»■ 


’Tut I'Tr. n fi'"' ' 



Book Reviews 


The Treatment of Bums (Oxford War Manuals). By A. B. Wallace. Pp. 113. 
with 16 illustrations. London, Humphrey Milford, 1911, Oxford University 
Press. $1.25. 

This book is the product of the tradiitional home of advanced thought eoneeruing 
burns in Scotland — the Royal Hospital for Sick Children and the University of 
Edinburgh. The important work on burns carried out by Mr. W. C. Wilson during 
the decade 1928 to 1938 has been continued by the author of the present volume since 
Mr. Wilson’s appointment as Professor of Surgery at the University of Aberdeen. 
An adequate discussion of the early care of burns followed by insufficient data re- 
garding subsequent plastic management is a weakness inherent in many works on 
burns. Such is not the case with Wallace’s book as he shows evidence of his intensive 
training in plastic surgery received under Sir Harold Gillie.s a.s a part of the British 
war effort. The book adequately considers all chronologic aspects of the care of a 
bum case. 

Inclusion of diagrams of emergency instrument tables and of practical lists of 
materials needed for treatment is of value from the standpoint of war use. The 
nursing care of burns is adequately considered. This is an important item in cases 
of emergency when large numbers of bums may overwhelm the capacities of the 
medical staff. 

The book begins with chapters on the classificaUon, clinical course, and complica- 
tions of burns, after which the remaining four-fifths of the material is devoted to 
treatment itself. The use of tannic acid is not abandoned while indication.* for more 
recent treatments such as the Bunyan envelope and the triple dye are listed. Tlie 
local use of sulfonamide drugs, first described in Great Britain by Wallace himself 
in an article (Brit. M, .T. 1; 469-472, 1941) appearing just as this book went to press 
is described in the present text. ’ 

One objection to tlic book might be the space given to special consideration of 
burns in children. Tliis would seem to be out of place in a war manual, but when 
it i.s remem]7ered that in total warfare civilian burns arc not infrequent, this objection 
is not so valid. The book seems to be a succinct review of tl,c present status of 
bum treatment, and sliould be of interest to civilian, industrial, and militarv surgeons 


I5y Harry KUjcott 


Anus, Rectum, Sigmoid Colon: Diagnosis and Treatment. 

Bacon, B S., M.D., F.A.C.S., F.A.P.S. Ed. 2. Pp. ,So7, with ’ 48 - iil^sfrations 
Philadclpiua, 1941, .T. B. Lippincott Co. $8.50. (Ki-fratmns. 

The sovond edition of this well-known book gives the n.edical profession a detailed 
and .■ompro .ens.vc . rcat.se of all those .structures and lesions%oming within the 
prcs.ew of the proctolog.st. 1 „ instances, ti.c strict confines of proColoov ham 

-ated the more bv ti.e gLral\ r ' r v/f "" 

procedures for de'aling with operative 

UilHsl. The a,oreeom,„on lcrSrtWr T 

all Itieir plmscs. rcetum are considered in detail in 




500 


SURGERY 


kidneys necessitating operation is to save tlie patient tirst and if possible the 
kidney. Twenty of Eobertson’s eases were treated consei vatively and 7 by opei- 
ation^ including 2 late nepliiectoniies. He bad 4 deaths^ 2 being operative eases anil 
2 nonoperative cases where severe shock contraindicated surgery. 

fl. diagnosis and Treatment of Traumatic Eupture of the Posterior Urethra, 
C. J. Reynolds, Bluelield, W. Va. — Reynolds emphasized the value of using the 
Foley catheter as a splint for the damaged urethra and to pull the severed bladder 
neck downward. The bladder is opened thiough a supiapubio incision to facilitate 
the manipulation and placement of the catheter but is then closed. 


12. Torsion of the Testicle and Its Appendages, Hubert K. Turley, klemphis, 
Icnn. Turle}' presented I cases illustrating this condition. In 1 case of recurrent 
torsion, he was able to save the testicle and perform an orchiopew. In 2 other 
cases, orcMdectomy nas necessary. In 1 case of torsion of the hydatid of Jlorgagni, 
excision of this appendage with preservation of the testicle was done. 

Turlej' emphasized the fact that torsion of the testicle is a surgical emergency 
if the testicle is to be saved and he urged calling this to the attention of pedia- 
tricians. He mentioned the dificrcntial diagnosis between torsion and epididymitis 
(sudden onset of torsion, absence of urinary infection in toision, pain exaggerated 
on elevating testicle in torsion; i.e., Prehn’s test). It is probable that torsion is 
not recognized as often as it should be. 


The treatment is immediate surgical exploration and detorsion; if the blood 
supply is not impaired, the testicle is saved and fixed to the sciotum to prevent 
a recurrence. If blood supply is compromised, orchidcctomy is done. Papers 10, 
11, and 12 were discussed by Edgar Bums, New Orleans, La., who reported a scries 
of 16 cases of torsion from Charity Hospital, in which 0 orebideefomies nerc 
necessary. He felt the clinical picture was the impoitant factor in kidney injuries 
and determined the course of procedure. Rubin Flocks, Iona City, In., omphasi/od 
the importance of late observation and uiography in cases of renal injury. 


13. Wm. 0. D. McCuskey, Wheeling, W. Vn., prc.sentod A R6sum6 of the End 
Results of 1,000 Consecutive Cases Following Surgery for the Relief of Bladder 
Neck Obstruction, e.xtending over the ycnr.s- IP.'tO to ]!MI for hi.s ouii jiraclice. 
This scries included this adult 10010 -., 17 children, and l.l women. The indications 
for surgery included 772 cases of benign liyportroplii , IS.') carciiioiiias, and 27 
“cord” bladders. Seventy-five “ prophylactic ' ’ rc-.ectioii-. were done. .\ total of 
900 transurethral rcsectiori.s wore performed, 60 jiatients requiring tno or laon' 
sessions. Originally the Caulk punch was tmed 111 a senes of 2i:i cases with I 
deaths, but now the McCarthy rcsectoscoi>e with the lio\ie elect rosiirgical unit is 
employed for the transurethral «ork. Radical total i.erineal prostatecloiny was 
done in several cases after tissue removed hi resection showed cnreiiionia. 

From the follow-up of this wealth of material, .MeCiiskey eoncliidcd that the 
oneration should be .selected for the patient and not rice icrsa. Ills results 111 
transurethral resection in Grade IV bypcrlropbies left soiaelbiiig to be desired ami 
1 felt that the .suprapubic operation entailed no grenler risk than two or more 
. . ,, -j of case. He was not fiiroraldy imiiresseil with the “pro 

resections in ” rcserloscope dctccled more 

cailv clrcinomas and broadened the opportuiiiti.-s for total i.erineal exiirpatioa. 

J P.-Itton, Bt. Louis, -tilted that the aims of bladder aeet 
In the jp,(ore function with f2l n low mortnbti and it ens often 

surgery were (i , the two. It wa- bm belief tint 2o per .eat 

necessary to stri ca . I,,. „,,eruiir.ii. 


necessary 
of tlie.so cases were since 


^ , , , SI,! sfatid tl it t. iiiiriiioiim of co igi.l itioii bd to 

H. L. Tolson, Cumberland. 

better results. 
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The format of the book makes for easj reading and readj reference The tST 
illustrations, mIucIi include diagrams, dranings, and pliotogr iphs, arc excellent 
Lengthy bibliographies are included at the end of each chapter and coior tile norhl 
literature up to 1939 A detailed index, both of the authois quoted and subjects 
covered, is appended 

llithout doubt, tins book mil become a standaid and aiithoritatne source m its 
field. 


Hemorrhagic X)iseases: Photo-Electnc Study of Blood Coagulability B\ Kaare 
K. Njgaard Pp 320, mth 59 illustrations St Louis, 1941, The C A' Alosby 
Co. $5 50 


In spite of recent intensiie iniestigations there still exists a lack of trench int 
knowledge on the subject of lieniorrhagie diseases This is elearlj indicated bj the 
varied and, in manj instances, confusing classifications of the iiiultitiidinoiis hemor 
rhagic manifestations Obiiouslx imcstig.itions uhich max aid in clirifjing some 
of these problems must be considered desirable Aecoidnigl} this monograph is a 
distinct contribution 

Eealizing that not the least important factor coiitiibiiting to the confusing 
character of Iieniorrlngic diseases has been the lack of iclnble procedures of m 
xestigation, Hjgaard has approached the problem bj concentrating on the measure 
nient of the xciocifj of blood coagulation Tins his been nccompliolicd mth the 
application of the photoelectric piintiple uliuh permits i moio dependable method 
of studj The author has applied this imesfigntiic procedure to laiiotis Iiomoi 
rhagic diseases and has compiled in fins book his results and inferprefafions 

The book is dnided into three part®, the first of winch is dcxoted to a brief re 
view of the various approaches to the moasnrement of blood loigiilition and a 
description of the photoelectric principle and p ii ticiil iilj it® ipplic ibilitv to tlie 
problem of blood coagulation The second part is divided into three chapters In 
the first of those there i® presented the results of coitain experiment il nivesfigations 
on factors winch ninv influence tlie coigiilabilitv of bloocl phisiim In the t-ccoiul 
chapter the author gives a brief review of the piev ileiit ojiininiis c onei'riuiig ih' 
nature of the fliromhin fibrinogen reaction and an interpret itioii of Ins oh-en i 
tions with the photoelectric principle A brief reneii of the clmr.icler ami mei !i 
anism of the toagnl int rfleef of tlirombopl.istin nnij the .iiilhnr’s iiivestigiitioiis of 
till® subject witli the photo elcetne principle are [crisinted in tin third ihii|ilir Tlie 
third part of the niotiograpli inclucle- six diipters, tlie first of winch is devoted to 
another classification of Iiemorrhagi' diseisi'. 'I lie results of the mitlior’s studies 
and Ins interpret it ion® vs well ns brief reviews of hemophili i thromboc v tope no 
'purpura, vitamin K deficitncv, the lieiiiorrliagn tcndeiiev m disc esc® of the bcbccrv 
tract hver. and p niereas, and hemorrii igic disc ise of the nc w bom < om[iri“c the other 
five chapters bince ticese are not the otilc londilioiis w leech itici be < oiiscdc n d in 
the group of hemorrh egn diseiss the .nti.jsm tint tbe title .s dnig in iv he 

heel Vppirentlv, bovvevir, the author’s piirpo-e w i® not a ■ omj b Ic review 
"rrl.e siihieet of hrmorrtiigii di®. 1 '.. lent riitbcr iin .v|M.sitioii of tin- new np 
I nf nne«ti"it'oa '’‘"‘1 •"* m'< rpr* t itmii of tin result® of his ,d s, rvretioiis 
pteie l s , J. iucs In tins re spi t the I o il |s n di«tiri t 

in the more " j , j „ ,f, n,, s„l,,,s t and .b-cnes , ,ri fed lonsilirifion f r 

■" ■' '• " 

blood coagulation 
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pj-ema or bronchial fistula complicating the operation. The patient gained quite 
rapidly in weight and strength and her sjmptonis were entirely alleviated. She has 
remained well up to the present time. 

The Iwnor and the Tight Loiter iohe.— -The surgicallv excised right lower lobe 
contained a tumor mass which was about 2 cm. jn diameter (Fig. IM). It was 
located at the junction of a branch with the main bronchus, into which it also 
projected. It filled and dilated the bronchus in which it arose and to whose wall 
it was attached by a broad base. On section the tumor was firm and white. The 
remainder of this lobe showed bronchiectasis, total atelectasis, and fibrous pleural 
adhesions. It was markedly shrunken, solid and contained little air. Fuiulent 
material filled the markedly dilated bronchi. 



A. B. 

FIk 1 — Cfl'9c 1 AV AV. A, Photograph of the e\c!‘>etl lung shoeing the intia- 
bronthiai tumor, \slth brouchloctasls ami atelectasis liistal to this point oC obstruction. 
2i Photomicrograph (xl65) *?honmg the Iiistologj of the tumor and Its infiltration 
Into bronchial cartilage Man> areas unlike this, ncre dlstmcth papillarj or aUeolar. 
Connecthe tissue stains ie\c‘al more stroma m this region than nould be suspected 
from tills illustration 


Microscopically the tumor was composed of uniform small pohhcdral cells nith 
luiicrchrnmatie, round nuclei and ti scanty amount of acidophilic ci’toplasni. 
Mitotic nere not seen. The cells nerc arranged on a fme fibrous stroma 

nliich had a reticulated pattern, thus producing an alt eolar appearance of the 
epithchal cells. Tins tumor iniiltrntcd its bronchus at the point of attachment, 
penetrating into the bronchial cartilage. tPig. IB.'l The free surface of the 
tumor nas canped bt a lajer of fibrous loimectne tissue, and this nas co\ered, where 
not ulecraic'l, b\ stratified squamous cpithebnm. Tlte deep portion of the tumor 
was separated from lung parenclnma by a less perfect la,\cr of connective tissue, 

t'ASi M, (Xo a white mile. vears of age, was admitted;?^ 

the hospital on .Tulv P, 10,17, eomplainmg of a ohronic cough for tliree 
vone for three we»hs and a foiitinuous “rundown” feeling for lhe>J^^ 
montli'-, The pitient eiipncd perfect he*iUh until four vear*- Wfore 
he beg-iu to have upper revpiratorv Jiift'^lnms rollowing thK 
]»rodiictivc I ough whiili tame on in nttneh" four 
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This is especially true with the group of cases under discussion. Clini- 
cally they behave like benign tumors for months or years, giving rise to 
sjunptoms only by obstruction of the air passages. Ultimately they show 
definite evidence of malignancy by involvement of adjacent stnlctures 
by direct extension and b}' distal metastases although few or no mitotic 
figures are demonstrable. 


REPORT OF CA.SES 

Case 1. tV. (No. 226258), a white female, 33 year.s of age, entered the hos- 
pital on Aug. 18, 1939, complaining of a persistent cough with repeated "colds” for 
ti\e jears, and repeated severe attacks of hemoptysis for four months. The cough 
had been somewhat more pronounced during the winter months and often her 
sputum had a brownish tinge. On April 29, 1939, the patient had a severe 
hemoptysis. She was in a hospital for one month with a diagnosis of pneumonia 
of the right lower lobe. Five daj's after discharge, she felt ill and her tempera- 
ture was 101°. X-rays of the chest were made and her condition diagnosed 
as "bronchiectasis.” After three weeks in a sanatorium she was "much im- 
proved.” The ne.xt severe hemorrhage was on July 31 when she "coughed up a 
teacup full of blood.” A bronchoscopic examination with biopsy of a tumor mass 
in the right lower lobe bronchus was made but a definite diagnosis was impossible. 
Her hemoptysis gradually subsided until one- week before admission when it re- 
curred in severe form and continued until admission to the hospital. The bloody 
sputum had recently become foul. The patient had lost fifteen pounds in the past 
two years and had become weaker and developed some dj-spnea with the repeated 
hemoptyses and attacks of fever. She stated that she had had an attack of 
pneumonia two j'ears before admission. 

Phj-sical examination revealed an anemic, chronically ill appearing white fe- 
male who raised sputum tinged with old blood on frequent coughing. Her tem- 
perature and pulse were normal. The abnormal physical findings were limited to 
the chest. Expansion of the right side was someivhat dimini.shed. There was an 
area of dullness over the region of the right lower lobe. The breath sounds over 
this area were decreased. Tactile fremitus was unchanged. There were no nile.s. 
The blood pressure was 105/70. 

Lahoratory J^xamination. — The blood revealed a hemoglobin of 47 per cent; 
E.B.C., 3.30; and W.B.C., 7,550. The .sputum was gros.sly bloody. On staining it 
presented no evidence of tubercle bacilli and on culture revealed Strcptococeui 
Jiaemolyticus, Sir. virUlans, Staphylococcus aureus and pneumococci. The Was.scr- 
mann and Kahn tests were normal. An x-ray of tlie chest revealed an ill-defined 
opacity in the right lower lung field. When this was repeated following the intro- 
duction of iodized oil, an obstruction of the right lower lobe bronchus was demon- 
strated. Bronchoscopy revealed a tumor in the right lower lobe bronchus which 
bled freely when a piece was removed for microscopic examination. Clinical diag- 
nosis: bronchogenic tumor of right lower lobe. 

The patient was given a blood transfusion in preparation for operation. He- 
f the positive throat culture of hemolytic strej)tococcus, she was given a 
of sulfanilamide, however, without altering the culture. Because her con- 
" . not emergent she was allowed to return home, hoping that the strepto- 

dition pas s„l,sidc. She was readmitted two months later in npproxi- 

coccal infection w " },„ve „ persistent Sfr. harmolylicus 

mately the same c ,\f(er hospitalization for ten days a right lower 

infection of the respira o • ,vns entirclv uneventful, no i-m- 

lobectomy was performed. 
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pyema or bronchial fistula complicating the operation. The patient gained quite 
rapidly in weight and strength and her symptoms ivere entirely alleviated. She has 
remained well up to the present time. 

The Tumor and the Eight Lower iohe.— The surgically excised right lower lobe 
contained a tumor mass which was about 2 cm, in diameter (Fig. U). It was 
located at the junction of a branch with the main bronchus, into which it also 
projected. It filled and dilated the bronchus in which it arose and to whose wall 
it was attached by a broad base. On section the tumor was firm and white. The 
remainder of this lobe showed bronchiectasis, total atelectasis, and fibrous pleural 
adhesions. It was markedly shrunken, solid and contained little air. Purulent 
material filled the markedly dilated bronchi. 
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1 1. AV, W, Photograph of the excised lun? showing the intra- 

brorwhhu tumor, wlUi bronciilectasis and atelectasis distal to this point of obstruction. 
/?. Photomicrograph (XiJSj showing the hislologj' of the tumor and its infiltration 
into bronchial cartimge. Many areas, unlike this, were distinctly papillary or alveolar. 

V onnect ve tissue stains reveal more stroma in this region than would be suspected 
from this Illustration. 

Microscopically tlie tumor was composed of uniform small polyliedral cells witli 
iiyperciiromatic, round nuclei and n scanty amount of acidophilic cytoplasm, 
figure.^ uere not seen. The cells were arranged on u fine fibrous stroma 
nhich had u reticulated pattern, thu.s producing an aUeolar appearance of the 
epithelial cells. Hus tumor infiltrated its bronchus at the point of attachment, 
penetralin;; into the bronchial cartilage. (Tig. IK.) The free surface of the 
tutnor ua*> cupped by a layer of fibrou^ conmu'tive tis'iue, and this was covered, where 
not lilccraled, by stnitified s(iuan»ons epithelium. The deep portion of the tumor 
nns separated from bintr parenchyma by a less perfect layer of connective tissue. 

t ASi M. iXo. a white mule, .'17 years of aj^e, was admitted^^^ 

tin* ho'^pitul on duly h, 1037, cmuplainin^; of a chronic cough for three 
^oive for ihreo week's uml a eontimum** “run-down" feeling for the^^^ 
nuinth'-. The patient enjoyed perftvt health until four yeur> before 
he be-uii to lane upper re'-piratory inft-tnms. KoUuwing this hp^^^ 
produciue emmh whieh rame on in attack, four to vjx tiine-.^?^ 
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This is especially tnie with the group of eases under discussion. Clini- 
cally they behave like benign tumors for months or years, giving rise to 
sjTnptoms only by obstruction of the air passages. Ultimately they show 
definite evidence of malignancy by involvement of adjacent structures 
by direct extension and by distal metastases although few or no mitotic 
figures are demonstrable. 


REPORT OF CASES 

Case 1. W. W. (No. 226258), a white female, 33 years of age, entered the Jios- 
pital on Aug. 18, 1939, complaining of a persistent cougli with repeated "colds” for 
live years, and repeated severe attacks of hemoptysis for four months. The cougli 
had been somewhat more pronounced during the winter months and often her 
sputum had a brownish tinge. On April 29, 1939, the patient had a severe 
hemoptysis. She was in a hospital for one month with a diagnosis of pneumonia 
of the right lower lobe. Five days after discharge, she felt ill and her tempera- 
ture was 101°. X-rays of the chest were made and her condition diagnosed 
as "bronchiectasis.” After three weeks in a sanatorium she was "much im- 
proved.” The next severe hemorrhage was on July 31 when she "coughed up a 
teacup full of blood.” A bronchoscopic examination with biopsy of a tumor mass 
in the right lower lobe bronchus was made but a definite diagnosis was impossible. 
Her hemoptysis gradually subsided until one week before admission when it re- 
curred in severe form and continued until admission to the hospital. The bloody 
sputum had recently become foul. The patient had lost fifteen pounds in the past 
two years and had become weaker and developed some dy.spnca with the repeated 
hemoptyses and attacks of fever. She stated that she had had an attack of 
pneumonia two years before admission. 

Physical examination revealed an anemic, chronically ill appearing white fe- 
male who raised sputum tinged with old blood on fretiuent coughing. Her tem- 
perature and pulse were normal. The abnormal physical findings were limited to 
the chest. Expansion of the right side was somew’hat diminished. There was an 
area of dullness over the region of the right lower lobe. The breath sounds over 
this area were decreased. Tactile fremitus was unchanged. There were no rfiles. 
The blood pressure was 105/70. 


Laboratory Examination , — The blood revealed a hemoglobin of 47 per cent; 
B B.C. 8.30; and W.B.C., 7,550. The sputum was gros.sl}- bloody. On staining it 
presented no evidence of tubercle bacilli and on culture revealed /Streptococcus 
haemolyticus, Str. niridans, Staphylococcus aureus and imeuinococci. The V/asser- 
mann and Kahn tests were normal. An x-ray of the chest revealed an ill-defined 
opacity in the right lower lung field. When this was repeated following the intro- 
duction of iodized oil, an obstruction of the right lower lobe bronchus was demon- 
strated. Bronchoscopy revealed a tumor in the right lower lobe bronchus which 
Wed freely when a piece was removed for microscopic examination. Clinicril ding- 
nosis: bronchogenic tumor of right lower lobe. 

The natient was given a blood transfusion in preparation for operation. Bc- 
„ nf the Dositive throat culture of hemolytic streptococcus, she was given a 
of sulfLilamide, however, without altering the culture. Because her con- 
emergent she was allowed to return home, hoping that the streptn- 
dition nas ^ q„hside She was readmitted two months later in npproxi- 

coecal was found to have a persistent Str. harmolyticus 

mately the same ^ tract. After hospitnbznlinn for fen days a right lower 

infection of the respira ronvalesecnee w-as entirelv uneventful, no eni- 

lobectomy was performed. Her 
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Alicroscopic exanuiiatioii disclosed that the tumoi vas composed of fairU 
uaiform small ciiboidal to Ion colaninar epithelial cells arranged diffusely or 
abutting on small cores ot conncctne tissue stroma bearing small blood icssels. 
The cells wore fairly uniform, appearing round to o\al, and had hypercliromatic 
nuclei in nhieh the chromatin pattern nas diffuse except for a little clumping. 
Jlitotic figures ncrc not seen. The cytoplasm was scantx, clear, and slighth 
eosinophilic. The arrangement ot the cells about numerous small connectiv o tissue 
strands, fiom nliich the cells tended to shrink, gaie the tumor, when first seen super 
ficialh, a pscudoadenoniatous appearance, nherea'- it was truh an infiniteh complex, 
solid, papdlar; structure. There was no eiidcnce of secietion bx the cells and there 
were no true gland luraina. Degeneratne changes were absent. (Figs. 22> and 2C.) 



1 IR- ja —pj'c 2 L M PhotORraph showinp; the poljpoid intiabronclu il uimor m 
the Inwir lobe willi bronchieet i^is iml .itiUciivis ilcUU to the tumor 


Ihis solid tumor, tlieii, filled the broiiehuv, xthich it dilated. The broiicliin] 
wall was fairh normal. The ftce surfaie of the tumor w.is composed, in most 
pl.ices, of a dense iibrons eoiiiiectixe tissue. At its base the tumor infiltrated 
the hronchinl wall. It denuded and destrojed sinjcrticial areas m the cartilage 
plates, anil it bulged outward between cartilage plates into the penbromhial con 
iiectne tissue llrorichml Ijmph nodes and large blood xesseK ,n proximitv 
this tumor extension w ere not in\ oU ed. 

llic lung distal to the tumor showed a remarkable bronchicefisis. 'pij 
of till bronchi were increased in si/c and their mucous nicmbr.ane^ 
h-uing been replaced b% ,, grnnniation tissue. The lung p irp 
rtgiou si, owed lomplcte atelectasis At,„n aUeoIi hr ’ ■ • 
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from two to three weeks. During these attacks lie would lose weight and develop a 
fever, regaining the weight between the attacks. On one occasion the temperature 
was taken and found to be 104°. During the last year, he gradually began raising 
sputum, somewhat thick and yellow in character. To his knowledge this had never 
been foul. His last attack began three weeks before admission and sputum raised 
Mas found to be somewliat blood stained. Also, ivith this last attack, his voice became 
hoarse. Due to the intensity of his cough, vomiting n-as present during the last 
attack. There had been no dyspnea nor chest pain, e.xeept on one occasion two 
years ago and this was only temporary. 

Physical examination revealed a well-developed and M'ell-nouri.shed white male 
who exhibited a frequent nonproductive cough but ivho did not appear acutelj’ ill. 
The abnormal findings nere limited to the che.st and these were not remarkable. 
Tactile fremitus M’as increased over (he right apical region and M'as decreased over 
the left base. TJie percussion note nas somewhat dull at the right apex and markedly 
dull over the entire left base. The breath sounds here were very much diminished 
or completely absent. A fenq scattered crepitant rales were heard over the louver 
portion of the left base. The cardiac borders nmre within normal limits. The 
blood pressure measured 110/70. There was no clubbing of the finger tips. 

Laboratory Examination . — The blood revealed hemoglobin of 90 per cent; R.B.C., 
.fi.lS; and W.B.C., 9,500. The urine was normal as M'ere the Wassermann and 
Kahn tests. The sputum showed no evidence of tubercle bacilli. X-rays of the 
chest revealed an ill-defined opacity involving the lowey one-half or two-thirds of 
the left lung field. It appeared to involve the left lon-er lobe but did not ob- 
literate the eostophrenic angle. The x-ray diagnosis was pneumonia or pulmonary 
abscesses in the left lov'er lobe, but it was impossible to rule out atelectasis duo 
to tumor of the left lower lobe bronchus. Bronchoscopie examination revealed a 
tumor located in the left lower lobe bronchus. This was quite friable and bled freely 
when biopsied for microscopic e.vamination. It was diagnosed as a basal-cell 
carcinoma. 


Since there was no evidence of metastases or marked local extension a pneu- 
monectomy was advised. On Sept. 8, 19.37, the left pleural space urns e.xplored 
and the entire left lower lobe found to be extremely adherent to the chest nmll. 
On mobilizing the left lower lobe, a considerable degree of shock was produced 
and it v'as deemed advisable to divide the operation into two stage.s, according 
to the Eieulioffso technique. The left pulmonary artery was isolated and divided 
between ligatures and the wound was closed vvith closed drainage of the pleural 
space. The patient had a stormy postoperative course and developed a Sli. 
haemolyticus empyema and a fulminating infection of the chest wall. .Supportive 
measures such as blood transfusion, intravenous fluids, and multiple thoraccntese.s 
maintained the patient in a fairly good condition for the following ten days, after 
which" he became worse and died fourteen days following the operation of gener- 
alized sepsis and a fulminating infection of the chest wall. 

The Tumor and Xu«< 7 .-(Autop.sy No. 4215; Prosector, Dr. Walter A. .‘Ifrykcr ) 
p.rp-,haped tumor, 22 by 14 by 10 mm., occluded one of the secondary bronchi 

-All Ce»6 r . . 1 1 lurn/tv wnc nffnflin/1 ill Oflf* Tiolnt l)V 


An ‘ I* left’ lower lobe. This tumor was attached at one i>oint by 

' 1 hose to the bronchial M'all; at other points it was free. It enlarged its 
a broac .. prc.ssurc it seemed to have occluded neighboring bronchi. 

own ‘ Jr was solid nhite, and it appeared to have infiltrated the 

On section tne luioui 

bronchial M all at tumor ivns reduced in size. The lung distal to 

The lung ® ‘ , atelectatic, and the bronchi distal to the tumor shoved 

the tumor was ua J • . , j p,,, diameter. They contained yellow 

a remarkable dilatation, being up 

ous. (Fig- 2^)- 
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Microscopic examination disclosed that the tumor was composed of fairly 
uniform small cuboidal to low columnar epithelial cells arranged diffusely or 
abutting on small cores of connective tissue stroma bearing small blood vessels. 
The cells were fairly uniform, appearing round to oval, and had hyperchromatic 
nuclei in which the chromatin pattern was diffuse except for a little clumping. 
Mitotic figures were not .seen. The cytoplasm was scanty, clear, and slightly 
eosinophilic. The arrangement of the cells about numerous small connective tissue 
strands, from whicli the cells tended to shrink, gave the tumor, when first seen super- 
ficially, a pseudoadenomatous appearance, whereas it was truly an infinitely complex, 
solid, papillary structure. There was no evidence of secretion by the cells and there 
nerc no true gland luraina. Degenerative changes nere absent. (Pigs. 2B and 2C.) 



t in. -d. Case 2 L 51 photoKrapIi .diowinc the polypoid intmbronchial tumor in 
the lower lobe with broncbirctisi® uml ivteUctasis distal to Ibe tumor. 


I his solid tumor, then, filled the bronchus, which it dilated. 7'he bronchial 
wall nils fairly normal. The free surface of the tumor was- coinposcd, in most 
pliiee.s, of a douse (ihroiis- coimectitc tissue. At its base the tumor infiltrated 
the broiichiii! wall. H denuded and destrojed sujierlicial areas in the cartilage 
plates, and it bulged outward belnocn cartil.nge plate.s into the peribronehiai con- 
neetito tissue, llronchiitl lymph nodes and large blood vessels ia proximitv to 
this tumor extension wetc not involved. 

t he lung distal to the tumor showed a remarkable broachiectu<is. The lumens 
of the broael.i were increased in si^c nnd their mucous membrane was missipgj 
hiuiag been rejdiieed by a granulation tissue. The lung jmreiiehvmn in tM 
reg.uu showe.l ooiaplote ateleetiisis. Many alveoli had a cuboidal epithcliiU^ 
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lining and there were areas of fibrosis, nodular aggregates of lymphocytes, and 
occasional giant cells, all associated with the chronic pneumonitis. 

There were no gross or micioscopic tumor nietastases. 


B. 



showing the nistojoj, 
cartilage on the 


s. ^\h^ch aro Ininiraicu. ^ 

lowing the 

on tlie right. 


, „ <, 410 . SO), n „h.tc female, >ear. of age, uas admilted to 

CASE 3.-G. M. ( • - j.on, plaining of a product ne cough and ueakne.s sime 

le hospital on .Tunc , • ^ one-half years before admission. The patient 

n attack of pneumonia one ^ 

jaie a history of ''I" „,o «e,.o„d attach of pneumonia .she had a non- 
■ears before admission. , .Ranged rery little in .•haracter uatil her thir. 

sroductivo hacking coug .,,„.i,alf rears before admission. The third attiick o 

attack of pneumonia one ,,or cough hecanie prodmlne without a 

pneumonia ^vas ;,oain full health after that time, haiirig lost ahoi.t tliir y 

tve polmls in tveipW ;oar ago reiealcd a “shadon ” in tiie rigid 

An vray film of the .nla-rcnlosis. Honcier, the spuii.m u„s 

chest region I'hu ' 
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negative for tubercle bacilli. Three months before admission a bronchoscopy was 
performed. A tumor found, located in the right lower lobe bronchus, was said to be 
a canter. There was no history of hemoptysis or dyspnea. She had had a vague pain 
in the rigid che.st for about a month and for the past si.v or seven months there 
was a history of vomiting on going to bed when attempting to lie on tiie rigid side. 
The remainder of the history was irrelevant. 

Physical examination revealed a well-developed, fairly thin white female who did 
not appear acutely ill. Temperature 98.6° ; pulse, 85. The abnormal findings were 
thieSy limited to the chest. Expansion was equal and normal. The patient coughed 
occasionally and this was sligldly productive. Hales were present on the right side 
in the anterior axillary line over the lower lobe after coughing. Breath sounds and 
tactile fremitus were somewhat diminished over this area. There was just a sug- 
gestion of clubbing of the finger tips. 



IMorntortj rdid.-nus.— The blood showed a hemoglobin of ST per cent; R.B.C., 
X04, .md ll.H.C, l-,.>o0, Tlie IVa.'.'Ormann and Kahn tests were normal, as was 
.iho (lie urin.ih.sis. An .\-niy of the chest revealed a pyramidal-shaped opaque area 
oeeupung (he ngli( po«(erinr eostophrenic angle {Pig. .Id). The remainder of the 
tmg fields «,r( rel.itireir normal. Oiagnosis: atelectasis and pneumonitis of the 
right iourr lolie due to hrnneliial ob-tnietion, prolmbly by tumor. The broneliosconie 
evanimat.on revealed a tumor in (lie right lower lobe bronelm^. It «as a red, smooth, 
and rounded nm.s and on biopsy showed carcinoma of the bronchus. The patient was 
prepared for nn operation by transfusion, and a right lower lols-etomv bv the di.«soc- 
lion te,'linique ans performed. ' * 

The patient made an uneientful eonr-aleseenee for (he first ten davs the tem 
rmtnrc returning to normal. As she was ready ,o be allowed out of iwd. n,a.^wie 
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infarction of the riglit middle lobe developed. Slie gradually developed signs of con- 
gestion and pneumonia ivitli cardiac failure, and died twenty-six days after op- 
eration. ■ '■ 

Post-mortem Examination revealed pulmonary embolism with massive hemorrhagic 
infarction of the right middle lobe, terminal pneumonia, and a small encapsulated 
empyema. 

The Tumor and Tight Lower Lohe.~(Autopsy No. 5087; Prosector, Dr. Houard 
0. Hopps.) The surgical specimen of excised right lower lobe showed a tumor 3.5 
by 2.0 by 1.5 cm. located in the primary and a secondary bronchus of the right lower 
lobe, to whose wall it was attached. It tilled and dilated the bronchi in which it was 
located. The tumor on section was hard and white. Half of the lobe distal to the 
tumor showed bronchiectasis and the other half showed atelectasis. (Pigs. 3Z? and 
3C.) The lung lobe was heavy and practically airless. When cut across purulent 
material escaped from the bronehiectatic portion. 










Pig. 2 B .and C. — Case 3. B. Pliotograpli of liilar surface of tlic excised lunp show- 
ing the polypoid tumor projecting into tlie main bronclius. (7. Photogrniili of a iargo 
microscopic section through the lung to show (he tumor arising in a Inrpc bronchus, 
the bronchiectasis, and the atelectasis. 

Microscopically the tumor was composed of ftiirly uniform polyhedral colls nhich 
grew in sheets or in several layers piled up on a uniform, va.scular connective lis-sue 
framework. In some areas the cells were low columnar and they were arranged in a 
single layer on a distinct papillary stroma. The nuclei wore uniform in sire, oval, 
moderately hj-perehromatic, and with the chromatin showing considerable clumping. 
Hucleoli were’ fairly largo. Practically, there wore no mitotic lignres. The cytoplasm 
was moderately abundant, verj' finely granular, slightly acidophilic, and indi.stinct in 

outline. (FiS- 

The tumor arose from the bronchial wall. Beneath its pedicle, in bronchial 
1 photic channels, nests of tumor cclhs were visible. At one point there w.os direct 
’Nitration of tumor cells into bronchial cartilage. 

free surface of the tvmor was capped by a hover of dense /ihrou*. fi-ue. This 
^'covered in the most advanced tip, by a layer of fibrin and hetnorrhnge. 
in turn noi-s c ^.„vcrci] by a stratified squamous epithelium, nlthmigh the 

Elsewhere >c j normal appe.-iring /iseutlostrutified columnar 
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The bronchi distal to the point of obstruction by tumor showed a marked 
bronchiectasis. Tlie lung parenclo’ma showed small areas of recent abscess forma- 
tion. It also showed an atelectasis. The alveolar spaces contained blood which 
showed no degeneration. 


• ' . .V 










ohhil^iimor witn")t/'.Mirmcr eliowlnj.' (he Intrabron- 
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In a routine section of bone taken from a lumbar vertebral body to study tlie con- 
dition of the bone marrow, microscopic examination disclosed a nodular, i’nfiltrative 
lesion replacing the marrow cells in which the cells resembled those of the lung 
tumor. There was considerably more fibrous stroma than in the primary growth, 
and in some places the epithelial cells had died out altogetlier. 


Case 4.— J. D. (ISTo. 30016), a white male, aged 47 years, was first admitted to 
the hospital on Nov. 19, 1930, complaining of tiredness for one year and attacks 
of paro-xysmal coughing for one and one-half years. The patient gave a history of 
a -Severe attack of pneumonia in 1924. He went to Arizona to recuperate and re- 
mained quite well until a year before admission. However, during the years follow- 
ing the attack of pneumonia, he tired easily and was not up to par. For this rea.son 
his engagement in sports was given up. During the three month.s before admission 
the feeling of fatigue gradually -increased and attacks of coughing became more 
severe. These were difficult to control. The sputum raised was fairly large in 
amount and quite thick and tenacious with no evidence of blood. On, some occasions, 
on taking his own temperature, it was found to be increased by as much as one de- 
gree. The history was otherwise irrelevant. 

Physical examination revealed a well-nourished and well-developed man who did 
not appear ill. His temperature was 9.9.4” and pulse 88. Examination in general 
was strikingly normal. His blood pressure was 130/90. His heart and lungs re- 
vealed no definite evidence of abnormality. There was no evidence of clubbing of 
the finger tips. 

Laboratory Examination: His blood showed a liemoglobin of So per cent; 
B.B.C., 3.85; and AV.B.C., 12,300. The Wa.ssermann and Kahn tests were negative 
as was also the urine examination. The sputum on several examinations was negative 
for tubercle bacilli. An x-ray of the chest revealed a fairly slmrply outlined shadow 


at the right hilum extending somewhat outward toward the jieriphery. It was con- 
sidered most likely either a pulmonary neoplasm or an atypical hilum tubereulo.sis. 
The patient was observed in the hospital for a period of five wcoka, at the end of 
which time he was quite comfortable and had had a normal temperature for over 
four weeks. During his stay in the hospital an investigation of the gastrointc.-itinal 
tract was found to be normal. After a short time foIlo]ving his discharge, he re- 
turned to Arizona for a rest. His cough continued at intervals and the po-xsibility 
of foreign body aspiration was considered. Bronchoscopic examin.'ition revealed the 
mucosa of the right primary bronchus to be intensely inflamed. 'I’herc iras an 
edematous bulge inward of the orifice of the right upper lobe bronchu.s. A tumor 
of this bronchus was suspected but microscopic sections revealed no definite mitotic 


figures. Because of the suspicion that the lesion was neoplastic in nature, x-ray 
therapy was con.sidered advisable. From Nov. 2 to Nov. 16, 1931, he received 1,309 
r units and from January to October, 1932, he rreeived an adilitional 5,13] r. iinils, 
laking a total of 9,433 r. units. Following this, the patient ivas .again .seen in the 
n*t-Pntient Clinic from time to time and remained in fairly good condition until 
“ weeks before his second admission to the hospitnl on Oct. 14, 1931. At that 
he developed n head cold with chills and pains in the chest. An .\-ray of the 
1 • t hefore admi.s.sion revealed no change from one taken four years pre- 
chest JUS admission he develo[>ed a chill, fell flushed, became 

viouslj. n I to (Jie hospital. His temperature ivas found to he 

nauseated, an r • revealed little evidence of !ibnormality. Hi-s 

103.4”. ,,e,„of;lobin, 90 jier rent; and R.B.C.. 5.12. Examination of the 

W.B.C. was - , ' yv e Vllt pneuinoeoceiis. Ife rapidly Is-came worse; definite 

sputum revealed a „„ (]„. right side and sub.-equenlly on tlje left, 

signs of pneumonia f , ^ to 104.2” and the pulse I5(i. On the sivlli day 

His temperature - .^1 l.ilafenil pneiimoum. 

after entenag the hospital 
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The Tumor and Lunff.— (Autopsy Ko. 3248; Prosector, Dr. SiOa Holley.) A 
.umor cast filled both braaeUes of tUe right upper lobe bronchus. The tumor tissue 
ivas soft, ubite to red, and fleshj. It dilated the bronchi, which were thin nailed, 
and filled tno of the main, bronchi which pas-ed touard the apex of the lung, as 
nell as some of their branches. As felt exteinally through the lung tissue the oxer- 
all size of the tumor nas roughly 5 or 6 cm. On gross examination the tumor ap- 
peared to be confined nithin the lumens of the dilated bronchi. Two calcified or 
ossified bodies were found in the tumor of one bronchus. 




V'f. ’ I- ^ Four x-rajs of the chest over a four-ve.ar period Xote 

that the opaciti m-ide bi the tumor In the riplit upper lobe remained practically un- 
elumBcd diiriUK this tinu> ... . j u.. 

The bronchi distal to the iuinor iicre dilated up to 12 mm. and wore filled by n 
ii'Itow to graj pus The lung Moighi'd 1,400 Gm. The upper lobe iias eonsolidated 
and grai . the loner lobe aas consolidated and w.is red gray. Two areas of Ix'gin- 
mng Kiippiirntion wen* found. The middle lobe sliouod onl\ a bloodi edema. The 
surface <if the bing was loiercd bj a fibrinopunilciit exudate. The left lung weighed 
I.I.d) Gin. It -hewed areas of red consolidation m the apex, lingula, .and iipiier 
Iiortioa of the upper iobe, a diiTii-e liiperemia and edema el-ewliere, mueepurulcnt 
bronclitiis, and fibrinopurulent jdeiiritis 

llieteriil etiltiire. from ea< h bmg. heart libkel. and a brnnehiia-t.atie e.aiiti in 
tie- right up;s'r lois- w\i xwldial a Tx}i.« Y1H j>neiiin.«-r.eeus. 
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Microscopically the tumoi iias composed of small, fairly uniform, cuboidal to 
polyhedral epithelial cells. The nuclei were lound to oval, hyperchromatic, fairly 
uniform in size and shape, and without mitotic figures. The c^’toplasm was scanty, 
clear, poorly defined, and lery slightly acidophilic. These cells grew in sheets hut 
more commonly as a layei arranged on cords of connective tissue which was highly 
■vascular but often hyalinized. (h'ig. 41>.) The total effect was that of a semi- 
papillary tumor growth. This tumor permeated and filled the bionchial tree in the 
region of the light upper lobe as already indicated. Microscopic examination also 
disclosed, however, that the tumor was invading through bronchial walls in several 
places, and was growing in the adjacent alveoli. There was a remarkable tendency 
for the tumor growth to be coated by fibrous tissue, which was hyalini/ed, and for 
the bionchial walls themselves to become hyalinized even at points of tumor pene- 
tration. 



w.ir 4 B and C.— Case I B. Photomteroernph (XHTO) showing ‘1“' 
metastatic tumor growth. 


A microscopic metastasis of the tumor was discovered in one peribronchial Ivmph 

“°‘’vnart from the tumor the .sections of the lungs disclosed bronchiedath- cavitic- 
anmrcntlv of recent origin, filled by purulent exudate in the right upper lolic disl.il 
t^'he points of occlusion by tumor, and a fibrin-rich Joh.'ir j.ncnmonin vv ioh in some 
appeared to be of necrit origin and elsewhere near the point of n solution, 
‘..,rlv are.is of suppuration in the lung, and a pleiiritis. 
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Case 5. — M. G. (No. 235G01), a Av)iite female, 36 years of age, ivas admitted to 
tlie hospital on Peh. 5, 1940, complaining of a draining sinus in the right chest for 
eleven years, a second draining sinus from the anterior aspect of the right chest for 
four years, marked loss in veight and strength and easy fatigability for tliree years. 
The patient gave a history of a severe attack of pneumonia fifteen years before ad- 
mission. This was complicated by an empyema which was drained by a physician. 
This continued to drain for six months after which, she felt well for a period of 
four years. Eleven years before admission the scar of the former operation became 
infected and was opened by a physician. Pus had drained from this site ever since 
(eleven years). About four years ago, the patient noticed a lump on the front of 
the right chest wall, just below the clavicle. Tliis was incised and has drained pus 
since that time. The patient stated that she had lo.st twenty-five pounds in weight 

up to five years before admission and an additional twenty-seven pounds since that 

time. She had had chills and fever on various occasions and an occasional dry cough 
from time to time which had been rather insignificant and never productive. There 
was no history of hemoptysis. The remainder of the history was irrelevant. 

Physical examination revealed an extremely emaciated anemic white female who 
appeared very exhausted and chronically ill. Her temperature was 100° and 
her pul.oo 120. The abnormal finding.? were as follows: The right chest was 

markedly contracted, producing a considerable degree of scoliosis of the spine.. A 

draining sinus productive of foul, yellowish-green purulent material was seen just 
below the right scapula. A second sinus draining similar material was located im- 
mediately beneath the right clavicle. The entire right chest was flat on percussion, 
tactile fremitus was markedly diminished or alxscnt. and no breath sounds could bo 
beard. The left lung field was relatively normal. The heart borders were mthin 
normal limits and there were no murmurs. Clubbing of the fingers was quite marked. 
The extremities revealed marked wasting and the patient was unable to stand be- 
cause of weakness. 


Lnlorntory Findings . — The blood hemoglobin was 40 per cent; E.B.C., 3.42; and 
W.B.C., 7,150. The Wassermann and Kahn tests were negative, as was also the 
urine examination. An x-ray of the chest revealed a lack of areation of the entire 
right lung with marked thickening of the pleura and a pyopnnumotliorax. The 
tr.iehea was deviated to the right. The left lung w.as rel.ati^'ely normal. Diagnosis: 
chronic empyema, right. 


The patient was given a blood transfusion in preparation for drainage of the 
empyema. A Congo red test .showed only 1.5 per cent retention in the body. Open 
drainage of the empyema by rib resection (ninth and tenth) was carried out. An- 
other blood transfusion was given and the p;itipnt made a gradual recovery, a third 
tninsfusion being given two weeks after operation. Considcr.iblc strength was re- 
gtiined and her temperature and pul.'e returned to normal, She w.as di.schargcd from 
the hospital on the twenty-sixth day following operation, with a hemoglobin of 60 
per vent ; ll.B.t ., and W.B.C., T-k-lO. The empyema eavity which measured 

100 e.c. at oponition had diminisiicd to 70 c.r. at the thno of fliFcharKo. 


The putienl \va? foltowof^ in 0\it*Patient Clinic at weeklv intorvalp. She 
•uincil rnptflly in nml strcnKtli and in two month? had improved very ro- 

marknldy. Her weight had heeu increased by 17 j)onrids: tlio eavity had lieen re- 
duced to around .).» e.c,; the blood picture had improved to a hemo‘:,do])in of TH jier 
cent and It.B.r., 4.r,.',. She was admitted <m M;vv 3, VM(\, for obVueRition of the re- 
maining portion of her empyema c.avity. On Mav .S, ip-tn, a first stage of a -waded 
thoracoplasty was perfonned, portions of the seeond, third, fourth and fifth ribs }>e- 
ing n.se.-t.vi subpermsteally. The operation was well tolerated, little re.action Is-ing 
ex nlo.od, and the temperature returned to normal on the firs, postoperative d-.v 
Ahou. one week later „ wa. that she e.xhihite-l a slight whe/ring vp^ f 
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respiration for tiie first time. A bronchoscopy was pcrfoimed with dramatic find- 
ings. A tumor mass arising in the riglit main bronchial tree was seen projecting 
into the lonei end of the tiachea to such an extent tliat the carina nas invisible and 
the left primary bionclius could not be seen. A biopsy lemoved gave tlie impression 
at first of a squamous-cell caieinoma. Edema and inflammation folloning the 
bronchoscopy caused considerable dyspnea. The bronclioscopy nas lepeated in an 
attempt to remove a sutficient amount of the tumor to obtain a clear airway to the 
left lung. This was again followed by marked dyspnea and duiing the thiid at- 
tempt at removal of the intratracheal portion of the tumor, the patient died, death 
being due to asphyx-ia. 



„ - 4 Case 5 M G. X-ra.v of chest on admission The rmlit side is m.iiKedly 

“ shrimKen and presents a chronic pjopnciiniothouiN. 


The Tumor ami iim.es.— (.A.utop.sy No. o051 ; Prosector, Er. W. M. Humphrejs.) 
The rioht lung vas small, airless, and .solid. More than half of it vas replaced by 
tumor Hssue nliich centered in the greatly dilated bronchial sjstein of the loner lobe, 
but vliich also extended into the light main bronchus, the proximal portions of the 
nclii to the right upper and middle lobes, and into the trachea. The right main 
s uas filled by tumor and was dilated to tniee its normal sire. ProMinally 
formed a polypoid mass nlneli projected into the traeliea for a distance 
^'**^o*'*™°'^and partly obstructed its hinicn. The proximal end of the left iiiaiii 
of - cm. infiltrated by tumor. Distnlly the tumor formed a miiltilobiilated 

bronchus ^ projections representing tumor groping as a cast in greatlj 

mass, the Capping tlii« multilobuinted tumor, and filling the spaces bclpeeii 

dilated bronc i. • atelectatic, anthnieotic lung tissue from 1 to 3d ram. 

lobules pas a ajer (.„,prcd bj a greath thickened, tough, fibrous jdeiira uhicli 
thick. This in pleural space phicb jiersisted consisted of l«o 

was up to ” ' 1 ,acrO" and the other fi cm., ivliich communicated pith 

empieuia entities, one o drained to the exterior through sinus tracts. 
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Only near the central portion of the tumor mass was there any perceptible in- 
vasion through the bronchial wall into the lung parenchyma. The remarkable dilata- 
tion of the secondary bronchi by tumor could be followed nearly to the surface of the 
lung by the position of their cartilage rings, some of which were calcified or ossified. 
Tertiary bronchi were also enormously dilated up to .1 cm. and were filled by in- 
spissated exudate. Some such cystic tertiary bronchi .showed the blunt end of an 
advancing tumor polypus projecting into them. They lay near the pleural surface. 


A IS 

V. ' 


















t.M.'f.'.f ’’h'’to.nraph ot low.-r iiortton ot rlsht lung sliowinc the 

V-.L U m mo, , , -"‘''"UR'' not "vll llluslratoU the ma.«..lve growth 

1l„- right iimMlo aii.l upper loln-s were atclc-tati,-. cnntnirtod. firm, and an- 
thraeotu-. The proxiucd emts of their large t.ronol.i were tilled hy a enrt of tumor 
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tissue whicli was continuous witli tlie tumor in the right main bronchus. The tu- 
mor was attached here and there to the broncliial walls, and where not so attached 
its surface was smooth and pale. 

The large arteries and veins of the lower lobe were firmly compressed but not 
visibly invaded by tumor. One right hilar lymph node sliowed direct invasion from 
contiguous tumor. 

In general the tumor tissue was moderately firm and elastic, and was pinkish 
white. 

The left lung showed a mucopurulent bronchitis, areas of atelectasis, and some ir- 
regular hyperemia and edema. In addition there was in the apex an area 2 by 
1.5 by 1 cm. of fibroplastic and fibroca.seous tuberculosis with tuberculous bronchiec- 
tasis. Beneath this were several 5 mm. sized parenchymal tubercles. In the tracheo- 
bronchial lymph nodes were about a half-dozen well-encapsulated caseooalcareous 
tubercles from 3 to 5 mm. in diameter. 


Microscopic examination revealed that the tumor was composed of small, uniform, 
polyhedral, cuboidal or low columnar cells, arranged occasionally in small sheets 
but usually in rows, single or several laj-ers deep, on .a fibrous stroma in a compact 
papillary form. Occasionally, also, there appeared to be small ducts or alveoli. The 
cells had a round or oval nucleus which was hyperchromatic with the chromatin 
showing little clumping. Mitotic figures were practically not to be found. The 
cytoplasm was scanty, clear, and very slightly acidophilic. There was no evidence 
of secretion. The stroma was widespread and in some places hyalinized. (Big. 5K.) 

This tumor formed a mass which propagated through the bronchial system, being 


adherent to the wall here and there. The intrabronchial tumor was capped in nearly 
all places by a layer of dense fibrous tis.sue, on which if epithelium was present it was 
generally stratified squamous. (Fig. 5C.) 

The bronchi were dilated. Their epithelial lining was either replaced by granu- 
lation tissue or it .showed metaplasia to a stratified squamous type, or it less fre- 
ouentlv remained pseudostratifled columnar. The bronchial wall was frequently 
com osed of dense fibrous tis.sue which was often hyalinized. Such bronchial walls 
uenetrated by tumor tissue only in the right lower lobe. The bronchial car- 
filao'es were separated. They sometimes .showed invasion by tumor tis.sue. Fre- 
uentl ■ spicules of bone were found on or in close relation to bronchial cartilage, 
'*'^Tciallv where perichondrium was infiltrated or elevated by tumor cells. (Fig. SD.) 
Except for operative sites and near the absces.s cavity degenerative changes were 

not seen in the tumor. 

Mow as to the exact point, of origin of the tumor o.xccpt that the 

T^lipro WftS no dc*' 

* t t ‘ and decree of liyalinization of flie stroma was near the confer of tiie 

tumor in the lower lobe. , , , . ■ ci • 

, showed a remarkalde chronic filirosing pncumoiiif is, wifii 
The lung parenc ni nnd small ciiboidnl cell-lined alveoli. Eipophnges 

foci of lymphocytes, 

and macrophage.. ^ eavitic.s and the subjacent suiierficial lung absces.ses showed 

The chronic focal r.a.'-cation and miliary cjiithelioid tubercles, 

tuberculous granulation superin feet ion, and there was no indication timl the 

This appeared to he a n . . ^ was tnhereiihnis in origin. There was mi 

generalized pleural fibrm.^.^_^ 

tuberculosis elsewhere > ^ lniche()bronclii:il Imiph nodes 

Micro.scopie cxamin.ation < One right liilnr lymph node shoivc<? Iitiimr 


Micro.scopie cxamin.ation o^^^^ One right liilnr lymph node shoivc<? tumor 

confirmed the it a’l-pean-d to have invaded directly from tumor 

orowing within its suhst- node-, in close pro.ximify to iicoplasoi, 

Adherent to its capsule, 
showed no metnsta.ses. 
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Jletastase.x were not seen grossly or microscopically in numerous sections of other 
tissues except for t\s'o tiny microscopic groups of cells, in portal triads of the lircr, 
wliieh resembled the cells in the lung tumor. 

Anatomical diagno.si.s: Carcinoma of the bronchus (malignant adenoma type) 
arising in the right lower lobe. Propagation of tumor through the bronchial tree, 
and focal invasion of lung parenchyma. Aletastases to a right bronchial lymph node 
and to the liver (microscopic). Extensive chronic atelectasis, pneumonitis and 
bronchiectasis. Chronic empyema (tuberculous?). 



I-iR. ■> n. D. F, and G. — Cn.^c .i n. PliotomlcroRraph (X3S) showinpr tumor Jn- 
vnslon of bronchial c.artilaKe with de.strucUon and elevation of perichondrium, nnd 
.‘^plcule^ of bone. 7A PhotomicroKT.apI* (XoT.S) siiowinfr tlie nature of the tumor cells 
and their .--irnma F. Photomicrograph (xlfi.i) showing a growth of abnormal, hypor- 
chroitmUv epithelial cells rescmblinrr Uio.'^e in the bronchial tumor, prow ins in a portal 
area which also contains two nomi-il-appearinpr bile dxicla. G. Pholomicrofrrapb 
(x:;D 0| .--Imalnf: tumor in perihronchlat Ijmph node. 


DlS('l-.x,siON 

.V preseiitatitui <if ilu- ciinica! iisjnud of this ty]n‘ of liiiiuir has been 
so tlion.uglily .•icconipli.siu.,1 by llaiupfrl (HlUT).'' Womacli ami Cira- 
hnm 1 I'.blSi/ Coldinnn 1 1940).-- Bninii ami Cnldmaii ( 1940)," and others 
llinl only (“crlaiii ciiaracteristics will tip Inkrii tip in this di.seussion. 

As seen in Talile I. this tumor is as comimin in the fenmie as in the 
iiinle nml oeein-s fieiiueiitly in the third decade of life. Tho.se facts 
have lieeu emph»si/ed hy most authors dciiling with this .siilijoet. A 
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very noticeable clinical characteristic has been the repeated attacks of 
pneumonia over a period of several years. Eecovery from these at- 
tacks has been the rale, a differential point between these and other 
more malignant lung carcinomata. Hemoptyses are frequently ob- 
served and are apt to be severe, the cause of which is easily explained 
by the pathologic characteristics. Other symptoms are variable and 
depend entirely on the basis of branchial obstruction or infection of 
the lung subsequent to the obstruction. In some cases symptoms ref- 
erable to the rc.spiratory tract may be strikingly absent, even in the 
presence of a large tumor in a main stem branchus. 

Physical and x-ray findings are determined chiefly by the presence 
and extent of branchial obsti-uetion. lung infection, atelectasis, and 
other complications. A correct diagnosis can only be made following 
bronchoscopy with removal of adequate tissue for microscopic exami- 
nation. Since all of these tumors arise in either the primary or sec- 
ondary bronchi, they are readily visualized through the bronchoscope 
except when located in an upper lobe branchus. 

PATHOLOGY 

An indication of the lack of univer-sal opinion regarding the termi- 
nology of this lesion may be seen in the titles given by the following 
authors ; 


AVTUOn 

UATK 

Goipclm 

1931 

Wc.«slcr and Roblun 

1932 

Kcrnanfi 

193.-, 

Moerseb and Bowing'a 

1935 

Clcrf and Cr.awfordm 

1930 

Zamora and .Scliustcru 

1937 

WcU nnd Wcinstcini-' 

1937 

HamperP 

1937 

Womucb nnd ttrabniuf 

193S 

Oclisaer'''’ 

1910 

(iiddman"' 

1940 


title 

Basal-ccU cancer 

Benign broncliial adenoma 

Carcinoid 

Adenoenreinomn 

Benign glandular tumors 

Vascular adenoma 

Endotliclioma 

Cylindromn and carcinoidc 
Mixeil tumors of the lung 
Rcsers'c-ccll tumor 
Polypoid bronclnal tumors 


In all lu'ohability most of these authors have been describing the 
same type of tumor. A careful study of the five tumors in this rc]tort 
sltows liow some of tbe^abovc titlo.s may be justifiable. 

riic finest ion arisc.s ns to witat extent lienign epithelial polypoid 
tnniors tif the bronchus can Itc separated from the slightly or ulti- 
mately malignant tumors. It is impossible at this time to determine 
it any luainehini polypoid tumor will remain eontinuously benign. To 
our kuowb'dge no one has presented bistologie eriteria hy wliieli on 
iiiopsy it eaii !»> predieted bow mueb of the tumor i.s within the bron- 
chial lumen or to what extent direet inva.s!on of the .surroundiu" .struc- 
tures or disttd spread of the tumor has taken place: furtliciniorc. 


Table II 
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whether distant metastases, sncli as those found in thi’ee of the eases 
presented here, will subsequently occur. 

A summary of the pathologic findings of our eases follows: 

Analysis of these 5 eases shows that in the early stages the tumors 
were poljTpoid, intrabronchial growths. Later the main growth was 
still intrabronchial, with tumor permeation of portions of the bronchial 
tree, but in addition there wei’e areas in which the tumor greu' deep 
into or through the bronchial wall. They occluded the bronchus and 
produced local enlargement. The lung di.stal to the occlusion shou'ed 
bronchiectasis, infection, and atelectasis. 

Microscopically the tumors shoAved only minor differences. They 
Acere composed of fairly uniform polyhedral, euboidal or Ioaa' columnar, 
undifferentiated epithelial cells, Avhich Avere arranged on an abundant 
stroma. The stroma Avas fairly A-aseular, sometimes hyalinized, and 
AA’as reticulated or papillary. The cells A\'cre arranged on the stroma 
in one or more cell layers. jMitotie figures Avei'e not seen. Necrosis 
Avas not pre.sent. There Avas no cA-idenee of secretion by the cells, and 
they Avere not argentaffine in the three eases in Avhich this examination 
Avas made. 

The free .surface of the tumor Avas eoA'ered by a cap of dense con- 
nective tissue into Avhich tumor cells sometimes penetrated. This sur- 
face in tuni, if not ulcerated, Avas covered usually by stratified squa- 
mous epithelium even if the ad,iacent bronchial Avail had retained its 
normal p.seudo.stratified columnar epithelium. Deposits of fibrin AA'ere 
found on the .surface after trauma by biopsy. The tumor infiltrated 
Ihc bronchus at its base. Here there Avas an incrc.ase in fibrous con- 
ncetive tissue also, but it Avas less perfect as a capsule than that on the 
free surface. Tlie bronchial cartilages Avere eroded by tumor. 

In 3 of these cases bone Avas found in the tumor. It Avas in relation 
1o bronchial cartilage from AA-hich it apparently arose. There aa’os no 
evidence that it was tumor bone. The cartilage in or near all the 
tumors was bi'ouchial eai'tilage. 

luinor cells Avere found in regional lymph nodes in 2 eases; the po.s- 
sihility that this might represent direct invasion rather than metastasis 
was not exebided in Ca.se 5. In 1 ease true metastases Avere di.scovered 
in the liver on mieroseopie examination, and in another a metastasis 
AAas discovered in a lumbar vertebral body on routine mieroseopie 
examination of the hone marroAA'. 


TIii;ATMEXT 

1 lie lack »f univei's.'il opinion as to the eorreet form of therapy for 
this tApe of tumor is proh.ahly due eiiiefly to mi.sinterpretation or in- 
Minicient luioAvledge nf its varuius eharavterislies. Experience has 
already been of some value in this respect. For example, broneho- 
seojue reinov.'il frequently has been folloAved by reeurrenee of the 



Therapy 


524 


SURGERY 



"tnictiou of left — P>mpyema drained with marked improvo- 

primary hronchus. ment; expired of asphyxia on attempting 

bronchoscopio removal of intratracheal 
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tumor. Surgically removed lobes as well as autopsy specimens readily 
demonstrate wliy bronchoscopic removal may be not only difficult or 
impossible but also not without considerable risk. According to Brunn 
and Goldman," dackson and Konzelmann*" and others, polypoid tumors of 
the bronclii may be either malignant or benign. Also, it has been amply 
demon.strated that bronchoscopic obseiwation may not definitely deter- 
mine which of the two types an individual tiunor may be. Again, when a 
bronelual tumor projects into the lumen of the air passage, it is im- 
possible to determine by bronchoscopic examinatioii how much of the 
tumor is located outside of the bronchial wall. Thus, it seems reason- 
able to assume that bronchoscopic removal of bronchial tumors in gen- 
eral leaves much to be desired. 

Until recent years surgical extirpation of lung tissue was attended 
by so great a risk that all lung tumors were treated either by broncho- 
scopic removal or by x-ray. After years of intensive investigation, 
treating hundreds of patients by this method, it has become generally 
believed and more recently quite definitely proved, that bronchogenic 
carcinoma has not been cured bj'^ x-ray therapy.’’ 

With the development of a relatively safe tcehniqire for the removal 
of a lung lobe, an increasing number of lung tumors have been treated 
in this manner. Pneumonectomy has also made great strides in recent 
years. However, the risk attending the latter procedure is consider- 
ably higher than that attending the former. For this reason, it is 
obvioitsly important to know which of the two operations should be 
used in this type of tumor. It is becoming more and more widely 
believed that the treatment should be based on the individual findings 
at the time of operation. When it appears likelj'' that a lobectomy will 
remove adequately the tumor-bearing tis.sue. that is thought to be the 
operation of choice. When this is not po.ssible a pneiunonectomy should 
be performed. 

As stated before, a great deal of confusion cxi.sts regarding the clas- 
sification of the tumor under discussion. The marked variation in the 
microscopic appearance in different parts of the tumor is largely re- 
sponsible for this lack of under.standing. For this reason a small piece 
of tumor such as that taken through a bronchoscope for biopsy is apt 
to he very misleading in making a correct appi’aisal. Undoubtedly 
some reports of cures of highly malignant tumors by fulguration or 
.x-ray may quite well have been on this basis. 

Again, in order that .statistics of surgical cures by excision may be 
more intelligently interpreted, .sections .should include the entire tumor 
for microscnj)ie examination. It i.s only by this method of study that 
operative results may be evaluated according to the type of tumor 
involved.'" 


eh 


SrMMAUY 

A grouj) of five cases of endobronchial tumor arc reported which are 
ara<’tcrizcd by a long clinical cimi-sc with low-grade but very definite 
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malignant manifestations. Differentiation of benign from malignant 
epithelial tumors of the bronchi is not possible from bronchoscopic 
biopsy matei'ial alone since this offers no criteria as to the amount of 
tumor invading the surrounding structures or as to the presence of 
distal metastases. This is veiy strikingly demonstrated in a critical 
examination of the gross and microscopic material of the live eases 
reported. Treatment must be based on the assvimption that these 
tumors are malignant or potentially malignant and should be removed 
by lobectomy or pneumonectomy. Because of the relative degree of 
risk associated with these operations, lobectomy should receive pref- 
erence when it is sufficient for removal of the tumor-bearing tissue. 
In order that statistics of surgical cures of carcinoma of the hing may 
be more intelligently interpreted, sections for microscopic study should 
include the entire tumor. Tlie group of tumors presented should not 
be confused with the highly malignant varieties. 
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EXPERDIENTAL ATELECTASIS IN DOGS 

Its Effect ox Plasma Volume, Hejidglobix, Hematocrit, Bloob 
Gases, Cikculatiox Tijie, axd Pulsioxara’ Blood Flow 

JoHX L. Iveeley, axd John G. Gibsox, II, 5I.D., Bostox, 3Iass, 

(From the Laboratory for Siirgital Fesearch, and the Department of Medicine, 
Harvard Medical School) 

A t present there is ample evidence to shoAv that when Inng tissue 
becomes atelectatic, the amount of blood it contains, the qiiantitj- 
of blood which passes tlirougli it per unit of time, and the rate of blood 
flow througli it are all decreasedd’“ It has also been slioum that follow- 
ing the production of atelectasis there is a decrease in oxj'gen content 
and an increase in carbon-dioxide content of peripheral arterial and 
venous blood for a variable period of time.- Since many of these points 
have been shown in separate and in either acute or short-term experi- 
ments, the folloM’ing study of experimental atelectasis was undertaken in 
order to correlate the findings in the blood gases, circulation time, hemo- 
globin, hematocrit, and in the proportion of the cardiac output passing 
through the atelectatic lung and to determine the total plasma volume 
in relation to the duration of atelectasis over a relatively long period of 
time. 

METHODS 

The oxygen and carbon-dioxide content of arterial and venous blood 
sverc determined by the gasomotrie method of Van Slyke and Neill.’"® 
The hemoglobin eoneent ration was determined by the photoeleetrometrie 
method of Evelyn.” The ])]asmn volume (using the direct dye method) 
and the hematocrit readings were determined as de.seribcd by Gib.son and 
Evans.'" The circulation time rvas determined by a modification of the 
method of Loevenliart, Sehlomovitx. and Seybold.’’’ 0.2 to 0.3 c.e. of a 
0.') ]ier cent solution of sodium cyanide being injected into the right 
sninli sajdienoiis v(‘in in one scries of observation.s, and info the right and 
left branches of the i)ulmonary artery in another series. A stop watch 
was used for liming the interval between the injection and the marked 
transitory increase in re.spiratory elTort which con.slitufes the endpoint. 

MlTERIAUS AXn r.XIT.RIMF.XTAI. I’ROCF.DUUK 

'i (lUng growing normal male and female mongrel dogs Aveighing from 
s.S to 27.2 kg. were used. Basal .sindie.s of plasma volume, blood gases, 
hematocrit, and circulation time were made one to eight days prior to 
di\ision and closure oi the lelt bronchus. -Vnesllic.sm was induced ItA’ 
the intravenous iiijection of sodium i>cntobarl)ital (nembutal) in dosc.s 

ilii" pul of th( noiK w** \v<r*' a th*' <lvtprmln‘Uinn«? of ])r 

for piililic itinn. Auk 
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of 32.5 mg. per kilogram of body weight. The left fifth rib was resected 
subperiosteally under aseptic technique and the chest was opened. At 
this point, intermittent insufflation through an endotraclieal catheter 
was instituted. The respirator Avas adjusted so that the carbon-dio.xide 
content of the blood Avas maintained at a leA-el just beloAA' tliat Avliich 
caused spontaneous respiratory moA-ements. The pleura oA’er the left 
bronchus aa^s incised and the bronchus AA’as carefully isolated by blunt 
dissection and AA'ith minimal disturbance to the arterial mid venous 
channels of the lung. The bronchus aa-rs tlicn divided helAveen hemostats 
b 3 ' a scalpel, and the ends Ai-ere treated n-itli plienol and alcohol. In an 
attempt to aA'oid contamination bj* intratracheal and intrabronchial 
oi’ganisms, the insufflation Avas discontinued Avhile tlie proximal stum]) 
AA’as being inverted.^'* The ends AA'cre closed b.A' inversion Avilhout 
ligation bj’- means of purse-string sutures of silk, care being talmn to 
aA'oid passing the needle into the lumen of the bronchus. Jlattrcss 
sutures of fine tAvisted silk Avere used to reinforce the ])ursc-string closure. 
At this time areas of discoloration indicating atelectasis Avere seen 
throughout the left lung. Closure of the Avound Ai-as accomplished b.v a 
series of closely placed mattress sutures of fine silk in the posterior 
periosteum and pleura. Just before closure of the Inycrs wa.s com- 
pleted, the right lung aa’us inflated to minimize the po.ssihility of ])ncumo- 
thorax. Pericostal sutures encircling the fourth and sixth ril)s served 
to rclicA’c tension on tlic Avound. The i-emainder of the Avound aa-rs closed 
by interrupted sutures of fine silk. 

Persistence of the atelectasis Avas established he\'ond doubt by the 
dh'ision of the bronchus, by rocntgenogra])hs taken at intervals during 
the experimental period (Fig. 1). and by the demonstration of com- 
plete atelectasis at subseiiuent operation and autoj).sy. After the o])era- 
tion the animals Avere kept in standard dog kennels on a Avell-ba lanced 
diet' and Avere turned out of their cages daily for siiontaneous exercise 


and activitic.s. 

Subsequent studies may he divided conveniently into three groui)s: 
in the fimt, determinations of total plasma volume, heino^dohin, hemalo- 
'rit hlood'gasc.s. and circulation time Avere made within fi to .t.'! days 
^fter the closure of the bronchus and at comparable intervals dnriim' 
the^remaiuder of the exi)erimcntal i-eriod. 

Tim second m-oup of slmlies Avas mad<- after afehvlasis had /men 
^ (' fnr neriods varying from fiS to IDS days and eonsiste.I of 

pre.scn f oxr'vu and caihon-dioxide cfintenl of the jn-iijiheral 

dctcrnimations o i imincdialid\- before and irnmnlirilfly after tin- 

arterial and A enous^^^^^^^^^ of teji minute.'.. 

inhalation 0 I • n-as done witliin a few d.i.As alter the 

Tlic third series o ■ followini.' prne.dnre; Cii'l'-r ane... 

second -series and coiisisi 
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thesia as described for the bronchial division and closure, bilateral 
thoracotomy was performed. The animals were tlien placed so that the 
anterior-posterior diameter of the chest was vertical. Samples of 
blood from (1) the left ventricle, (2) the pnhnonary artery, f3) a right 
pulmonary vein (aerated lung), and (4) a left pulmonary vein (col- 
lapsed lung) were obtained, and their oxygen and carbon-dioxide con- 
tent was detemined. While the samples were being withdrawn from 
the pulmonary veins, a bulldog clamp was placed on the vessels proximal 
to the site of the puncture to prevent aspiration of blood from the left 
auricle. The .samples were obtained within as siiort a period of time as 



po'.siblo; not nion* than five minutes elap.sed lietweeii the witlidrawal 
of tile fimt ami last (fourth) samples. With one exeeiition (lloy 4), no 
elijiitge was made in the rate or amplitude of tlie impulses from the 


resjm-ator or in the {lOsiiioii of fhe animal tliirui" the withdrawal of 
samides. .\11 s;imf)les exeept tliose from tlie riirht imhnonarv veins were 
ohtained tliromrh the h-ft tlu.raeotomy wound. Ihirlieular elTnrt was 
made io minimi/e meehanieal e„llapse of ll,e aerated hnnr. .\fter the 
lilood .sample.s had been eolleeted, the eirenlatioii lime tiirmiuh the aerated 


528 


.SUROKKV 


ol 32.5 III”;, pei' kilo<rrnni of liody W(‘i”lil. Thp IcJ'( fifdi rib wn.s rc-sccfed 
.sulipcrio.steally xinder asoplic ((‘cliniquc and llic chc.sl Ava.s opened. At 
tlii.s ])oint, interniitlenf insnUlation flironf?!! an endotraclical catheter 
was instituted. The respirator was adjusted so that the eariion-dioxidc 
eonteut of tlic lilood was maintained at a level just below that which 
caused .sjiontaneous re.spiratory movements. Tiic pleura over the left 
bronchus was incised and the lironehus was carefully isolated by blunt 
dissection and with minimal di.stuijiance to the arterial and venous 


channels of the luu". The bronchus was then divided between hemostats 
by a scalpel, and the ends Averc treated Avith 7 }henol and alcohol. In an 
attempt to avoid contamination by intratracheal and intrabronchial 
organisms, the insufflation Avas discontinued Avhile the proximal stump 
Avas being iin’eried.” The ends Avei’e closed by inversion without 
ligation by means of purse-string sutures of silk, care being taken to 
avoid pa.ssing tlie needle into the lumen of the bronchus. jMattress 
sutures of fine tAvisted silk Avere u.scd to reinforce the purse-string closui’e. 
At this time areas of discoloration indicating atelectasis AA'ere seen 
throughout the left lung. Closure of the AA-ound Avas accomplished by a 
series of closel.v placed mattre.ss sutures of fine silk in the posterior 
jiei'iosteum and pleura. Just before closure of the layers Avas com- 
pleted, the right lung Avas inflated to minimize the possibility of pneumo- 
thorax. Perieostal sutures encircling the fourth and sixth ribs sei’A’-ed 
to relieve tension on the Avound. The remainder of the Avound Avas closed 
by interrupted sutures of fine silk. 

Persistence of the atelectasis A\'as establislied beyond doubt by the 
diA'ision of the bronchus, by roentgenographs taken at interA'als during 
the experimental period (Fig. 1), and by the demonstration of com- 
plete atelectasis at subsequent operation and autopsy. After the opera- 
tion the animals Avere kept in standard dog kennels on a Avell-balanced 
diet' and Avere turned out of their cages daily for spontaneous exercise 


and activities. 

Subsequent studies may be divided conveniently into three groups; 
• + 1,0 determinations of total plasma volume, hemoglobin, hemato- 

in TllC mbU, ... j. ry nn J 


ci’it, blood gases. 


and circulation time AA'ere made Avithin 6 to 33 days 


ft ’' the closure of the bronchus and at comparable intervals during 

dJLmainder of the experimental period 

1 o-roup of studies Aims made after atelectasis Jiad lieen 
The secon varjdng from 58 to 198 days and consisted of 

present foi carbon-dioxide content of the periplieral 

determinations o immediatel 3 ’ before and immediatel.v after the 

arterial and venous^^ ^^^^ minutes. 

inlialation ° 1 ^ studies Avas done AA'ithin a feiv da.A's after the 

The third senes o folloAi'ing procedure: Under ane.s- 

second series and consistc 
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examined six or more days after atelectasis had been produced. In two 
animals tliere were slight increa.ses at that time. In only one of the 
six animals did the decreases persist during the second month of 
atelectasis. In the other five animals which showed early decreases in 
circulation time these decreases disappeared during the second month 
and returned thereafter, only to disappear again after the fonrtli month 
of atelectasis (Fig. 2). It has been shown in acute experiments' that 
when one lung is rendered atelectatic the increase in the proportion of 
the cardiac output which passes through the aerated lung is accom- 
panied by a decrease in circulation time through the aerated lung. 



I'iie cficels of inlialatinu of pure oxygen for a jieriod of ten minutes 
ufti-r from oK to IttS days of atelectasis are pre.sented in Table II. There 
followed in all animals, an increase in oxygen content of arterial blood 
nhieh averagtsl O.S volumes per cent, or an inere.asf' of 2.3 fter cent. In 
lour of the seven animals there was a slight decrease in carbon-dioxide 
content ot arterial blood which averaged O.tl volumes jier cent, or -0.4G 
per eenl. Similar iwults were seen in the venous blood. The oxvgen 


.saturation of arterial blood was inereaseil 4.4 per cent, while that of the 


venous blood was inerea.sed 4.0 pm- eeut. Tlie.se flmlings indicate timl flte 
degree ol oxygen unsaturation found in the perijilieral blood after manv 
months of aleleetiisis is not entirely due to the admixture of arterial 
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SIJUCKKY 


!iik1 tiu' jitoI('c)!il ic liiiifr was (Icloriniiicd by llio injecfion of sodium 
cyanide* into (lie rifrlit and loft brandies of flie pulmonary arten', as 
described in detail elsewlierc.* Just before closure of llic second thoracot- 
omy wound was completed, (lie aerated Inn" was inflated in an effort to 
minimize (he ]K)ssibili(y of pneumothorax. Seven to ten days later, the 
animals were sacrificed and appropriate studies of the (issues were 
made. 

Rr:.sunT.s 


The I’csults in the first frroup of experiments are shown in Table I. 
The variable chanfjes in (he unit volume (cubic centimeters per kilogram) 
of plasma, with (he e.xcepfion of flii-ec dcfei'minafions in Dog 2, are 
within the range of normal volumes for intact clogs''* and therefore can- 
not be regarded as significant. Both the hemoglobin and the hematocrit 
values were increased in four of the eight animals. Because these in- 
creases were associated with increases in weight they cannot be con- 
sidered a result of the atelectasi.s, as it has been shown that there is a 
general tendency for increases in weight to he accompanied by increasing 
values for hematocrit and hemoglobin.'-''’ This is thought to be due to the 
increase in the proportion of muscle, a blood-rich tissue, in normal grow- 
ing dogs. 

In most instances there was a decrease in the o.xygen content and an 
increase in the carbon-dioxide content of both arterial and venous blood 
following the production of atelectasis. After the production of atelec- 
tasis the o.xygen content of peripheral arterial blood was found to be 
reduced in seven of the eight animals. The reduction varied from 2 


to 29 per cent of the basal value. In Dogs 1, 2, 3, and 6 there was a 
concomitant rise in the carbon-dioxide content of the arterial blood 
rano-ing from 2 to 13 per cent above basal levels. Ox 3 'gen saturation was 
decreased in Animals 1, 2, 3, 4, and 7 in determinations made within 
a week after atelectasis began. In Dog 6 there was a slight increase in 
the oxygen saturation but this determination was made thirt^^-three da.vs 
after In’onchial division and closure. At that time in the postoperative 
course the oxj'gen saturation was probably increasing, as is seen in the 
fio-ures for Dogs 3 and 5. The increase in o.xygen saturation in Dog 8 
• -1 ablv an artifact, as the initial saturation of 72.4 per cent is so low 

to indicate a false value for this determination. Decrease in the 
content and the o.x.vgen saturation and increase in the carbon- 
content of venous blood were seen in Dogs 1, 2, 3, and 6. In Dog 
oxygen content and saturation was accompanied b.v a 
5 the gar'bon-dioxide content. Cai-bon-dioxide and o.x.vgen 

, decrease m a„creased in Dog 7 while the o.x.A*gen saturation re- 

content were ootn ueu 

mained essentially unchanged. 

^ fj'om the saphenous vein to the carotid sinus was 

Circulation^ ™ased in six of the eijrht animals when they were first 
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and venous blood in the left auricle but depends to some extent on 
incomplete oxygen saturation of the blood passing through the aerated 
lung. 

The third series of experiments yielded the results shomi in Table 
III. Six animals had uneventful recoveries from the bilateral thoracot- 
omy, one died on the operating table, and one died from postoperative 
sepsis. In two of the experiments the results were discarded because 
in one instance the heart action was failing while the blood samples were 
being withdrawn and in the other, due to deficient aeration, it was 
necessary to alter the rate of the respirator during the withdrawal of 
samples. 

Table in 

Hr,MoGix)Bix, Cabbox-Dioxipf., axd Oxycex Coxtf.kt, Oxvgex C-apacity axp Oxygex 
Satui’-vtiox of Blood Samples Fkom (1) Pri.5.(ON-Ar.Y Aktep.y, (2) Bight Pul- 
MOXAUY VEIN, (."i) Left Pul.moxary Vein, axd (4) Left Yextf.icle ix Bel.atiox 
TO BIjU.atiox of Atelectasis, axd Puopoktiox of Cardiac Ol’tput Passixg Throvgu 

Atelectatic Luxe 


DUr.ATlOK OF ATELF.rTASIS 

DOG 1 

DOG 2 

ESSBl 

BOvT 0 

BOG 7 

DOG 8 

AYEB> 

agf: 

142 

BAYS 

20?. 

days 

359 

DAYS 

191 

BAYS 

30G 

BAYS 

62 

BAYS 

Piilinonarr artery (1) 








llemogloiiin 

IftfiTA 

15.9 

15.4 

14.7 

13.55 

14.4 


Carlion dioxide 

RRSI 

45.2 

42.3 


49.2 



Oxygen 


14.S2 

15.44 

14.00 

10.8 

10.S 


Oxygen capacity 

21.52 

21.?. 

20.C 

■ifflrM 

18.2 

18.90 


0.xygcn FUturation 

7n.r,'7e 

09.5% 

75.0% 

71.0% 

59.4% 

07.2%- 

70.2%, 

Piilnionarv vein from rigid 








(aerated) lung (2) 








llcnioglotnn 

Carbon dioxide 

in.no 

15.75 

15.4 

14.75 

13.55 

14.13 


2S.1 

42.0 

.35.2 


44.0 



Oxygen 

21.5 

18.0 

20.0 

laa 

10.35 

17.05 


Oxygen capacity 

21. .52 

21.15 

20.0 


1S.2 

18.95 


Oxygen .saturation 

tlft.S'/r 

SS.0% 

97.0% 


90.0% 

90.0%, 

9.3.0% 

I’ulmonarv vein from loft 








(atelcctatio) lung (S) 








Hcmogtoiiin 

in.nn 
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15.0 

14.02 

1.3.65 

14.19 


I'arbon dioxide 

4i.n 

45.2 

40.3 


50.0 



Oxygen 

15.25 

14.1 

15.45 

14.25 

10.7 

12.5 


Oxygen eapaeity 

21. .52 

20.S 

20.<t 

19.0 

18.3 

1.9,0 


Oxygen saturation 

77.001, 

08.0% 

74.0% 

72.0% 

.59.4% 

03.8% 

09.3%r 

(-J) 









lt!..l 

15..52 

15.4 

14.75 

13.55 

14.4 


i'urhtm 

:‘,o.2 

42.0 

30.0 


45.1 



Oxygon 

21.;: 

17.22 

19.15 

19.1 

10.45 

10.0 


Oxyj;fn onpnrity 

22.0 

20.8 

20.t; 

19.S 

1S.2 

18.90 


Oxygen saturation 

07.0'i 

s::.o% 

93.0% 

90.4% 

90.02% 

.85.0% 

9n.7%e 

I’riiportion of rardiae out- 
pul Ibrougli aleleetatie 
lung 

0,(1*', r 

2.5.0% 

17,3% 

2.4% 

22,1%; 

20.0% 

1.5.0% 


.\s cxpoi'lcd. oxygen content and saturation were highest in tlie lilootl 
from the aerateil hnnr. The .saturation in these .sain(tles varied from 
ss ti, par Pont, with an average of 93.0 jier eeiit. Tlie lowest 
vahii s lor oxygen eonlent and saturation were, of course, in the .sample.^ 
iroin the imlmonary artery and a left pnhnonnry vein (eoDapseiJ lung). 
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and venous blood in the left auricle but depends to some extent on 
incomplete oxygen saturation of the blood passing through the aerated 
lung. 

The third series of experiments yielded the results shomi in Table 
III. Six animals had imeventful recoveries from the bilateral thoracot- 
omy, one died on the operating table, and one died from postoperative 
sepsis. In two of the experiments the results were discarded because 
in one instance the heart action was failing while the blood samples were 
being withdrawn and in the other, due to deficient aeration, it was 
necessaiw to alter the rate of the respiiutor during the withdrawal of 
samples. 

Table in 

Hemoglobix, Carbox-Dioxide, axb Oxvoex Context, Oxygen Capacity and Oxygen 
Satcr.atiqn of Blood Samples Prom (1) Pclmonaf.y Artery, (2) Eight Phl- 
jiONAp.Y Vein, (3) Left Phlmonaky Vein, and (I) Left Ventf.icle in Relation 
TO Duration op Atelectasis, and Proportion op Cardiac Output Passing Through 

Atelectatic Lung 


PtJRATIOK OF ATEtECTASIS 

DOG 1 

DOG 2 

DOG 3 

DOG 5 

DOG 7 

DOG 8 j 

aver- 
' age 

142 

days 

203 

DAYS 
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DAYS 

191 

DAYS 

loe 

DAYS 

62 

DAYS 1 

Pulmonary artery (1) 
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Carbon dioxide 
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Oxygen capacity 

Oxygen saturation 
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Proportion of caniiac out- 
put through atelectatic 
lung 

6.0% 

25.0% 

17.3% 

2.4% 

22.1% 
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15.6% 


A.S expected, oxygen content and satiu'ation were highest in the lilood 
from the aerated lung. The .saturation in tliese samples varied from 
.S'.S’ to 99.;> per cent, with an average of 93.6 per cent. The lowest 
value.s for oxygen content and saturation were, of course, in the samples 
from the pulmonary artery and a left pulmonary vein (collap.sed lung), 
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believed that the longer pei'iod of atelectasis in our series of expeii- 
ments has been accompanied by progressive alveolar and capillary 
collapse and consequently greater decreases in the blood ilow through 
the atelectatic lung. 

The effect of chronic atelectasis on the circulation time through the 
lungs is shown in Table IV. An average of 19.5 seconds was the time 
necessary for an adequate dose of sodium cyanide to be carried through 
the atelectatic lung from the point of in,iection (left branch of the 
pulmonary artery) to the carotid sinus.'®* "When the injection was 
made into the branch of the pulmonary artery leading to the aerated 
lung, the avei’age time elapsing before the end point was 9 seconds. The 
time necessary for sodium cyanide to cause the end point when injected 

Table IV 


Pulxokary Circvlatiok Time in Relation to Dotation of Atelectasis and to 
Pulse and Respiratory Rates as Determined by Injection op Sodium Cyanide 
Into Right and Left Branches of Pulmonary Artery 


■ 

AKIMAb 

N'O. 

DUnATlON 

OF 

ATELEC- 
1 TASIS 

IN DAYS 

pulse 

1 rate 

1 1 

t KESPIR- 
ATORY 
RATE 

DOSE OF 

0. 5% 

SOLUTION 

1 OF NACN 

1. V C.C. 

circulation 

TIME 

THROUGH 

atelectatic 
(left) lung 

IN SECONDS 

CIRCULATION 

TIME 

THROUGH 

AERATED 

(right) lung 

IN SECONDS 

2 

20.3 

111 


i 0.18 

25.0 


3 

159 

1.32 


0.18 

25.0 

i 9 

4 1 

ISo 

72 

48 

0.25 

10.5 

! 11 

5 1 

191 

128 

40 

0.2 

1.3.5 

8 

7 

100 

150 

20 

0.2 i 

20.0 

7 

8 

02 



0.2 

17.0 

10 

Average 


1 1 


19.5 

9 

Average 

1 Circulation time from pulmonary artery to 

5.0 

5 


j carotid sinus 





Average 

(Net pulmonary circulation time^ 

14.5 

4 


♦The term, "circuJation time through the lungrs/’ used here is defined as the time 
calculated to be necessary for the passage of blood from either branch of the 
pulmonur>' artery to the left ventricle. 


into the left ventricle in dogs of .similar size and under comparable 
c.Yperimental conditions is 5 seconds,' and Avhen this is subtracted from 
the above average figures, the “net pulmonary circulation time”* is 
14.5 .seconds through the atelectatic lung and only 4 seconds through 
the aerated lung. It has been shown' that within an hour after atelec- 
tasis has been produced, the net pulmonarj'- circulation time through 
the atelectatic lung will be increased from an average noi-mal value of 
4.2 seconds to an average value of 6.2 seconds. Accompan.ving tiiis is a 
decrease in the net puhnonar.v circulation time through the aerated lung 
from a normal average value of 4.6 seconds to an average value of 2.8 
seconds. The.se control values ai*e presented to show tliat tlie prolonga- 
atelectasis with progre.ssive capillary and alveolar collapse leads 


^ »*^»*^* topu “net pulmonan’ circulation Ume" Ufsed here is defined av fh^ 
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nnd averaged 70.2 and 6!). 3 jier cent. re.s]ieetive].v. Willi llic exception 
of llie valuc.s for Animal 1, tlio.se findinjis are within the range of normal 
levels found by Stewart.''’ Their elo.se agreement (M'ilhin 1 per cent) 
renders improbable any significant communication between the pul- 
monary and the bronchial arterial sy.slcms in the atelectatic lung. 

The oxygen content and saturation of blood from the left ventricle 
were variable, depending on the admixture of oxygenated and un- 
oxygcnated blood. The figures for oxygen saturation ranged from 85 to 
97 per cent and averaged 90.7 per cent. Figures for the carbon-dioxide 
content of blood from the left ventricle were, in general, higher than 
those tor samples from the aerated lung and lower than those for the 
samples from the atelectatic lung and the pulmonary artery. 

Prom the figures for oxygen saturation of blood from (1) the left 
ventricle, (2) a pulmonary vein from the collapsed lung, and (3) a 
pulmonary vein from the aerated lung, the relative amounts of blood 
flowing through each lung may be calculated by means of the formula 
used by Weiss:'" 

AX + VY = M(X + Y) vlien: 

X = peroontago of total pulmonary blood flow through the aerated lung 

Y — percentage of total pulmonary blood flow through the atelectatic 

lung 

Y + yr=100 percentage of the pulmonary blood flow 

X = 100 - Y 

^_oxvgen saturation of blood from the aerated lung 

V = oxygen saturation of blood from the collapsed lung 

11 = oxygen saturation of blood from the left ventricle 

The calculation for Dog 2, for example, is as follows : 

SSX + GSY = S3(X + Y) 

SSOO - SSY + 6SY=S300 
- 20Y = - 500 

y _ 25 which is the percentage of the cardiac output flowing 
through the atelectatic lung 

X — 75 which is the percentage of the cardiac output flowing 
through the aerated lung 


The results in Animals 2, 3, 7, and 8 indicate that between 17 and 25 
t of the cardiac output passed through the atelectatic lung. The 
per cen blood flowing through the atelectatic lung in these 

aveiage I animals in which the ex- 

four considered satisfaetoiy, values averaged 15.6 per cent, 

perime ^ method for determining Itlood flow through 

Adams' for periods varying from one day to ten 

lungs made a stenosis of the bronchus. Tn a series of seven 

weeks, by f^-om 28.5 to 40 per cent (average, 32 per cent) 

animals he louiic < passed through the atelectatic lung, 

of the total pu . timber than those pi-esented here and it is 

Ilis xmlues are someulmt . 
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were thickened hr deposits of moderately dense fibrous tissue and were 
infilti'ated by plasma cells, h'mphoej'tes, and a fe^Y polymorphonuclear 
leucocj’tes. These changes extended for a short distance into the ad- 
jacent parenchyma. In some areas the bronchial mucosa was unchanged 
but in others it was represented by a very thin layer of cells. The 
parenchjmia of the lung away from the bronchial tree was singularly 
free from scarring, fibrosis, and inflammatory reaction. The alveoli 
were unifonnly collapsed. In some areas red blood cells were seen lying 
in the alveolar spaces. Many of them were partially hemolyzed and 
hemosiderin had been deposited in pliagocytes which were either macro- 
phages or were possibl.r derived from the alveolar walls. The presence 
of these cells in the alevoli made the lung more solid than could be 
accounted for by the atelectasis alone. No evidence of communications 
between the blood and the air channels was found in the study of 
these sections. The quantity of blood in the alveolar spaces was small 
compared to the potential capacity of the spaces and apparently was 
the result of diapedesis. 



Adams* found dilated spaces filled with apparently normal blood in 
the lung parenchyma within two months after the production of 
atclecta.sis by chemical stenosis of the bronchus. At the end of six 
months lhe.se spaces were present in large areas of the lung and also 
surrounding tiic larger lironclii. Of the animals studied here, four had 
atelectasis for six months or longer, two had atelectasis for more than 
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to innikccl clocicnso in the i’<ile oi* blood flow tliroiigli the colJtipscd lung. 
IIo'wcvci, tiio increase in the speed of blood floAv through the aerated 
lung, seen soon allei’ llie j)roduelion of atelectasis, doe.s not persist but 
is followed 1)3' a return to noianal values within six months. 



Fig, 3. — Section of dilated bronchus filled witli mucoid material and macrophages. 
The wall of tlie bronclius is edematous and is infiltrated by plasma cells, lymphocytes, 
and a few polymorphonuclear leucocytes. Leucocytic infiltration and scarring extend 
for a short distance into the parenchyma. 

The significant findings at autops3' were confined to the chest. The 
heart and left lung were found to oecup3' the left lialf of the thorax. 
The atelectatic lung was bluish purple and, in most of the animals, it 
was adherent to the chest wall along the thoracotoni}' wound. In three 
of the animals additional areas of adhesions were found over the costal 
surfaces but none was extensive. Some adhesions wei'e also present on 
the mediastinal surface near the hilus. Tlie main vessels at the hilus 
appeared to be decreased in size when compared to those of the opposite 
side The divided ends of the bronchus were adherent to each other in 
some of the animals but in none was there a communication between 
them The obstructed left main bronchus and its branches were filled 
with mucoid material. No areas of suppuration were seen on gross 

examination. , . „ • . . . 

•'ncipal points of interest in tJie microscopic examination were 
The p sed i^ng (Figs. 3, 4, and 5) to which the following 
found o-eneral, applies. The bronchial radicals were dilated and 

description, in » . mucoid material in which vaiying num- 

contaiiied nisi walls of the bronchial branches 

bers of macrophages veie seen. 
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Early in the course of the atelectasis the circulation time from a leg 
vein to the carotid sinus as determined by the injection of sodium 
cyanide is decreased but tends to return to basal values during the 
second month of atelectasis. At this time the blood gases also return to 
basal levels. During the fourth month of atelectasis there is a second 
decrease in the leg to carotid sinus circulation time but it is unaccom- 
panied by any alteration in the blood gases. A second return to basal 
levels of circulation time is found during the fifth or sixth month. Since 
the greater part of the cardiac output passes through the aerated lung, 
most of the sodium cyanide passes through it also. The values for circu- 
lation time determined in this way consequently indicate the rate of 
blood flow through a vascular circuit of which the aerated lung forms 
a part. The changes in the circulation time are therefore thought to 
be due to alterations in the rate of blood flow through the aerated lung 
rather than to increased rates of flow in the peripheral vascular .system. 
It has been shown in acute experiments that the rate of blood flow 
through a lung recently rendered atelectatic is decreased. By direct 
studies of the circulation time through the atelectatic lung it has been 
demonstrated that the continued state of atelectasis is accompanied, after 
several months, by further decreases in the amount and velocity of 
blood flowing through the affected lung, these decreases being brought 
about most probably by progressive alveolar and capillary collapse. 

The degree of oxygen unsaturation in the peripheral arterial blood 
accompanying atelectasis of from 58 to 198 days’ duration lies been 
shown to be due to two factors; (1) the unsaturation of blood passing 
through the aerated lung and (2) the admixture of oxygenated blood 
irom the aerated lung and unoxygenated blood from the collapsed lung. 
In the same animals, after these periods of atelectasis, by studying the 
oxygen saturation of blood from the functioning lung, fi-om the collapsed 
lung and from the left ventricle, the amount of blood passing through the 
atelectatic lung during intermittent insufflation of the opposite lung 
with the chest open was found to average 15.6 per cent of the cardiac out- 
put. 

COXCLC.SIOX.S 

Atelectasis of one lung of from 58 to 19S days’ duration produced 
experimentally in dogs results in the following: 

1. A variable decrease in the oxygen saturation and a less constant 
increase in carbon-dioxide content of arterial and venous blood in rest- 
ing animals. These changes persist for a period of from four to six 
weeks. 

2. No siguifleant changes in the hemoglobin, hematocrit, or in the total 
plasma volume. 

3. A decrease in the leg to carotid sinus circulation time during the 
fimt month of atelectasis, a return to basal levels during the second 
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five nionllis, and tlio oilier two for approximately two months. The 
seetioiis from tlie.se animals repi'csenled portions of lung both from the 
peripliery and trom areas suiTounding the larger bronchi, yet no blood 
sjiaees such as those described by Adams were found. 


SUJIMARY 

The principal changes which follow the production of experimental 
atelectasis in dogs by the division and closui'c of a bronchus may he 
summarized as follows; Within a few minutes after the bronchus is 
divided the blood circulating through the corresponding lung begins 
to absorb the contained gases and thei'e appear areas of discoloration 
indicating atelectasis. This process continues until practically no 
gases remain in the lung, which then resembles a solid organ such as 
the liver. During this time there is a shift of blood flow from the 



nfelectatic to the aerated lung. Tliereaftcr for a period of weeks suf- 
. • . 1 flows through the collapsed lung to cause a variable de- 

o^en ™ .f 1”' <» *'■« 

t • of oxygenated and unoxygenated blood in the left auricle, 
admixture - . » anoxemia is not sufficient to cause any 

However, th » heino'^lobin, hematocrit, or total pla.sma volume, 
significant incre. output which passes through the atelectatic 

The proportion 0 increase in the oxygen saturation of 

lung decreases, ncriod of from six to eight weeks there is 

peripheral blood, ‘ J iinsaturation in the resting animal, 
a negligible degree of oxj^cn 
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month, a secondary decrease during the fourth inonlli, and a secondary 
return to basal levels dnrinfi' the fifth or sixth month. 

4. Oxygen imsalnration of ])eripheral blood which is due to two 
factors: (1) oxygen nnsatnration of blood passing through the aerated 
lung and (2) admixture of oxygenated blood from the aerated lung 
and unoxygenated blood from the colla])sed lung. 

5. A decrease in the ju-oportion of the cardiac output which passes 
tlirough the atelectatic lung. After 58 to 198 days of atelectasis only 
an average of 15.6 per cent of the cardiac output passes through the 
atelectatic lung when the chest is open and the other lung is insufflated 
intermittently. 

6. A decrease in the size of the corresponding pulmonary vessels, uni- 
formly collapsed alveoli containing partially hemolyzed red blood cells 
and phagocytes containing hemosiderin, an accumulation of mucoid 
material in the broneliial radicals and thickening and chronic inflanuna- 
toiy changes in their ^valls and no scarring, fibrosis or inflammatory 
changes in the lung pareneh.yma except immediately adjacent to the 
bronchial tree. 


We wish to expiess oui- appreciation to Dr. Edward D. Burns for his assistance in 
the interpretation of the microscopic findings and in the preparation of the photo- 
micrographs. 
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the light of observations upon experimental hypertension clue to renal 
ischemia. It is now genei’aliy accepted that in thi.s tj’pe of experimental 
hypertension, there may be no demonstrable variation from the normal 
anatomic struetni'e or function of the kidneys. Controls have demon- 
strated that In-pertension will re.sult from partial ischemia of the kidney 
irrespeetive of its innervation. The preseuee of the adrenal medulla is 
not necessary, but the adrenal cortex is e,ssentia!. The large body of 
evidence indicating that the partially ischemic kidney exerts its effects 
through a Immoi'al mechanism has been reviewed by Page (1940). 
Analysis of the available data by Munoz and co-woi-kers (1940) and 
independently by Page (1940) and 'others has yielded .schemata in- 
dicating the mode of formation of the .mibstances producing hyperten- 
sion after renal ischemia. The .sehcTnata shorv a remarkable similarity 
in spite of differences in nomenclature. Finally. Page and Helmer 
(1940) reported the Folation and crystallization of the pressor sub- 
stance as the oxalate and picrate. 

The principal goal in clinical investigation is the application of 
relevant data to the eradication of disorders in man or to the relief of 
their effects. In the ea.se of human hypertension there are gaps in the 
knowledge not only concerning the role played by the kidneys hut also 
concerning the details of the production and the nature of the humoral 
substances involved. Nevertheless, encouraging steps have already been 
taken in the direction of controlling at least the symptoms and signs of 
In-pertension in man (cf. Grollmann, Williams and Harrison. 1940; Page 
and associates, 1941). These attempts at therapy with extracts of noi-mal 
kidneys were stimulated by the knowledge that the normal kidney in- 
hibits or counteracts the actions of the substances liberated by the 
ischemic kidney. Page and his co-workers (1941) have reported .sug- 
gestive preliminary results from the oral administration of renal e.x- 
traets m easts of malignant hypertension 

Further progress in the etiologj- and therapy of hypertension awaits 
an increased understanding of the nature of the products of the ischemic 
kidney, their biologic effects, and the mechanism by which the normal 
kidney or its extracts counteract the effects of the isohemio kidney. 

Most of the observations in the past !un-e been made on the effects of 
long-standing partial ischemia of the kidneys, or on test animals into 
which extracts of normal or isdieinie kidneys have been injected. It 
was thought desirable to stiuly the immediate effects of short-lasting but 
total ischemia of the kidney not in a second test animal, but in the same 
amnia! In addition to obtaining data concerning the systemic effects of 
substances produced by or in the ischemic kidney, it was planned to be- 
come siifficieiitly familiar with the technupte to evaluate its usefulness 
for testing the effects of crude extracts or of purified substances upon 
the results of injecting the products of the ischemic kidnev, Tliis paper 
eoncerns the results of these experiences. ' * ^ 


SOME OBSERVATIONS ON ACUTE RENAL HYPERTENSION 
Wm. C. Quinby, M.D., AND F. A. Soieone, M.D., Boston, Mass. 

(From the Vrologic Clinic of the Peter Bent Brigham Hospital and the Laboratories 
of Physiology and Surgical Besearch in the Harvard Medical School) 


I N 1836, Bright first sugge.sted that liypertrophy of tiie heart found 
in patients dead of kidney disease might be seeondaiy to the increased 
pressure or resistance offered by the kidneys against wliicli the heart was 
forced to drive in order to maintain tJie circulation. Blood pressure was 
not mentioned, but the implication was obvious, and since that time 
numerous investigations have been made of the relationship beUveen 
disorders of the kidne.y and arterial hj’pertension. 

The earliest studies concerned statistical analyses of the relationship 
between disease in the kidne^’^ and clinical h.>'pertension. Thej" Avere en- 
hanced by the introduction of a eoin’enient method for determining the 
blood pressure in man by Riva-Rocei in 1895. The data were confusing, 
hoAvever, and it Avas practically impossible to distinguish betAveen cause 
and effect. Further adA'ance in the problem had to aAvait the deA^elop- 
ment of applicable laboratory techniques. 

Tigerstedt and Bergmann (1898) demonstrated that saline extracts of 
the kidney induced a rise in the blood pressure Avhen injected intraA'e- 
iiously into the experimental animal. Tliough others at first Avere unable 
to obtain such positive data, satisfactory confirmation Avas reported by 


Bingel and Strauss (1909) and by Bingel and Claus (1910). These ob- 
servations Avere confirmed and further extended by Landis, Montgomeiy, 
and Sparkman (1938). At best, hoAA'CA’er, this evidence that the kidneys 
contain substances capable of elevating the blood pressure in experi- 
mental animals is quite indirect as far as the relationship betAA’een the 


kidney and clinical hypertension is concerned. 

Eeeentfv important advances liaA'e been made by the use of methods 
devised to induce hypertension by interfering Avith the circulation of 
the kidney (see Goldblatt, 1938, for references). The method of induc- 
• o- nartial ischemia of the kidneys (Goldblatt and associates, 1933) and 
that of producing a constrictive perinephritis by means of cellophane 
p (T 1939) haA’e been the most consistent in producing liypertension 
leiitally and have yielded, to date, the most valuable information 
^^ucerninn- the role the kidneys play in experimental and clinical lyper- 


tension. ij^pertension in man may exist in the absence of any 

functional evidence of disea.se of the kidneys has been 
anatoniica oi evidence that the kidneys play no significant part 

offered repeatedly <■ eritici.sm has lost its AA-eight, hoAvcvcr, in 

in clinical hypertension. 

lor puaucation. Ou.r T. ■ 
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denervation of the heart. In the other the right adrenal gland was 
excised at the time of the first stage of cardiac denervation and the 
other was removed acutely at the time of the experiment six n eeks later. 
In both these animals central stimidatioii of the sciatic nerve increased 
the heart rate by only four to six beats per minute when this test was 
made before the acute experiment was begun. 

In 2 of the cats the spinal cord was transected at the level of C7 to 
provide a low initial blood pressure and to avoid reflex effects. This 
procedure proved unsatisfactory and ^11 be discussed below {cf. effects 
of low initial pressure). 



Rig. 2. — ^Dog 1 (Aug. 8, 1940). Urethane anesthesia (1.75 Gm. per kilogram). Trac- 
mg of blood pressure with Htlrthle manometer calibrated against mercury manometer. 
Scales at right and left represent blood pressure in millimeters of mercury. Both vagi 
cut m neck. Adrenal glands removed acutely. Aorta ligated below origin of renal 
arteries. At first signal, clamp was applied to aorta above level of origin of renal 
arteries ; at second signal, clamp was released. Note passive rise and fall of the blood 
pressure with application and release of clamp. The heart rate at the maximum rise 
was 206 per nunutc, during the fall, 210 per minute. Intcr\al between A and B, 4 
minutes; between B and C, 22% minutes; betneen C and Z>, SV* minutes. Time signal, 
30 ."f'conds. 


The blood pressure records were made on a smoked-drum kymograph 
by means of a rubbei’-menibrane Hurthle manometer and in the 2 dogs in 
whicli the heart was denervated and tlic adrenals removed, by means of 
the direct mercury manometer. 


RESULTS 

1. JicpcatahiUty of the Pressor Response . — A i‘ise in blood pressure 
was obtained in 5 of the 10 cats after release of the occluded renal ar- 
teries. The cause for the faihires will be discussed below. A rise in 
I)Iood pressure upon release of the occluded renal pedicle was obtained 
in every one of the 7 dogs tested. 
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JIATRRIAI/ AND AIETnOD 

TJie experimejiti, -were performed upon 10 adult cats and upon 7 adult 
dog-s ■weighing' 7 to 12 kg. All experiments 'were done under urethane 
anesthesia (1.5 to 1.75 Gm. per kilogram intravenously) induced slowly 
and usually -with the animal under a preliminary ether anesthesia. 
Beeords of the blood pressure were made from tlie carotid artery, u-sually 
the right. The contralateral carotid artery was ligated to e.xclude the 
carotid sinus from the circulation. Both vagi and both cervical sympa- 
thetic trunks were severed in the neck. In 2 dogs in which the heart had 
been denervated at a previous opei'ation, the inferior cervical ganglia 
were excised along -svith the vagi through the base of the neck at the time 
of the experiment. 


A 



B 



Artery 

Pie. 1. — Clamp used for occluding the aoita or renal arteries (constructed by Miss 
E M Biieht). The clamp uas set bj a screw -clamp holding the .st\le against its 
sheath after having drawn it up to occlude the \essel 


Sudden complete ischemia of the kidneys was produced b}' means of 
delicate rubber-covered adjustable clamps (Pig. 1). In every ease the 
kidneys were exposed through either a single upper abdominal midline 
incision or each kidney separately through a subcostal flank incision. 
Both kidne 3 's were alwaj'S thoroughlj' freed from the perinephriuni to 
interrupt any accessory blood supply reaching the kidney through its 
cortex from the perinephriuni. The dissection included clearing the 
renal pedicle so as to denervate the kidney. In 3 cats and 1 dog the 
clamp was applied on the aorta above the origin of the renal arteries 
after ligating it below the origin of the arteries. In all of them the 
adrenal "lands were removed acutcl.v to eliminate the effects of ischemic 
1 "lands. In the rest of the animals the clamps -were applied one 
t \^ach renal pedicle including all the arterial branches to the kidne 3 ' 
and excluding the veins. 

2 do"S it was desired to test the humoral effects upon the heart of 
totallv ischemic kidiie 3 '. For this pur])ose .sympatlietie 
releasing le ‘ carried out as described by Cannon and his 

denervation 0 inferior cervical ganglia were 

co-woi’kers ( - • ^ j p^periment one and two months after 

animals the right adrenal 

the s3mipathetic jpff demcdiillated at the first stage 

gland was removed anc 
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denervation of the iieart. In tlie other the right adrenal gland was 
excised at the time of the first stage of cardiac denervation and the 
other was removed aciitelj'^ at the time of the experiment six weeks later. 
In both these animals central stimulation of the sciatic nerve increased 
the heart rate by onlj' four to six heats per minute ■when this test was 
made before the acute experiment Avas begun. 

In 2 of the cats the spinal cord was transected at the lerml of C7 to 
provide a lorv initial blood pressure and to avoid reflex effects. This 
procedure proved unsatisfactory and Avill be discussed below (cf. effects 
of low initial pressure). 



Pig 2 — Dog 1 (Aug 8,1940) Urethane anesthesia (1 7S Gm per kilogram). Trac- 
ing ot blood PTes’mre -witb HartWe manometer caUbratpd against mercury manometer 
.Seales at right and left represent blood pressure in millimeters of mercuiv Both vagi 
cut in neck Adrenal glands removed acutely Aoita ligated below origin of renal 
arteries At first signal, clamp -nas applied to aorta above level of origin of renal 
arteries at second signal, clamp ^as released Note passive rise and fail of the blood 
pressure uitii .application and release of clamp The heart rate at the maximum rise 
was 206 per minute, during the fall. 210 per minute Inteival betneen A and B 4 
minutes between B and C. 22% minutes, between C and D. 8% minutes Time signal 
3(1 seconds ^ ’ 


The blood pressure records were made on a smoked-drum kymograpli 
by means of a rubber -membrane Hurtlile manometer and in the 2 dogs in 
u inch the heart was denervated and the adrenals removed, by means of 
tlie direct mercury manometer. 


KESULT.S 

1 Rcpcaialdify of iJtc Pressor Rcspomc.—A rise in blood pressure 
was obtained in 5 of the 10 cats after release of the occluded renal ar 
tenes Tlie cause for tlie failures rull be discussed beloAV. A rise in 
blood pressure upon release of the occluded renal pedicle was obtained 
in every one of the 7 dogs tested. 
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2. hckiiioii.ship J^cIkiccu TJurofiov of Ischeviio duel Mde/iiiludc oj 
Pretisor Pesyonse. — The shortest period of occlusion tested was three 
luiuutes. lliis produced a definite rise in blood pressiu'e aftei' release 
of the clamps in the dog but not in the cat. The rise in blood pressure 
was only about 10 nun. of mercury, liowevcr, and its duration was not 
longer than ten to fifteen minntes. Ischemia of five minutes’ duration 
Jed to hyperteufiioii in hotJi eat and dog. Occlusion for periods of ten 
minutes produced blood pressure rises which were .similar in degree and 
duration to the pressor respon.scs after periods of occlusion lasting long- 
er than ten minutes (Figs. 2 and 3). The longest occlusion was for five 
and one-half hoirrs. 
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Fig 3 . — Dos' 2 (Aug. IG, 19-40). Preparation a.-i in Fig. 2 except tliat clamp.s were 
applied to renal arteries instead of aorta First signal : both renal pedicles clamped 
(mccludins veins), for 74 minutes. Second signal: clamps released. Note composite 
character of pressor response (see le.xt). Interval between A and B, 67 minutes Time 
signal, 30 seconds. 


The average blood pre.ssnre rise obtained in tlie cat was 30 mm. of 
mercury. The maximum rise was 40 mm. of mercniw after both renal 
pedicles ivere clamped for five hours. A ri.se of 33 mm. of mercury was 
obtained after the pedicles were clamped for only ten minutes. The 
average hlood pressure rise obtained in the dog was 40 mm. of mercury. 
The maximum rise was 80 mm. of mercury after the sirteries to the 
kidneys were clamped for 105 minutes (Fig. 4). In general, be.vond the 
riod of ten minutes the duration of tlie renal ischemia had no con- 
^‘stent influence upon the degree of rise in blood pressure after release 


Course of the Changes in Blood Pressure After Prlcasr 

) T hernia. Immediately upon releasing the oeeliiding pedicle 

of Pend sc passive drop in the blood pressure level, the eoimfer- 

clanips. t leie hlood pressure obsei’vcd wlieii the elainjis 

part of the passis 



QUIXBY ANP SIMEONE: ACOTE REXAL HYPERTEXSIOX 540 

were applied. When the period of ischemia was prolonged, the blood 
pres.snre' often fell slowly from the initial passive rise while the clamps 
were still in place and .soineti)ne.s no immediate fall was seen on releasing 
the elamp.s (Pig. 4). Usually, though not always, there was a brief drop 
ill blood pressure below the level accounted for by passive opening of the 
renal vascular bed. The duration of tliis drop was never more than 
about forty-five secoiid-s before a definite rise in tlie blood pressure trac- 
ing could be recognized. Within tliree minutes the basal blood pressure 
level was reached, but the maximum rise was not reached for from six 
to twelve minutes in different expei’imeuts. In the same experiment the 
peak of the rise in blood pressure was delai'ed by repetition of the 
occlusion. In I dog, for instance, the peak was reached eight minutes 
after release of the occluding clamps the first time, while it was delayed 
to thirty -two minutes after the third occlusion. This latent period was 



Fts. 4 — 3 (Sept 20, 19-IOj. Preparation as m 3. CJamps applied to renal 
arteries ui ftrst and released at second signal 105 minutes later. Intenal be- 

tween A and />. 103 minutes, between V and C, 22*1- mmutes. The blood pressure fell 
slowl> '■'•buc the clumps remained applied. Note that there is no passive fall in blood 
j)r«S‘.ar»> after n'Jeajse of the damps. 


not related to the ilnralion of oeclu.sion. and it was generally longer in 
the eat than in the dog. The increased delay in reaching the peak of the 
prchsor respon.se after .suecessive occhision.s may be due to injury to 
which the more delicate renal arterie.s of the cat are more .Misecptible tlntn 
tliose Ilf the dog. 


! he avei-age duration of the rise in blood jjre.ssure of the eat following 
release of the occluding clamps was twenty-nine minute.s. The maximum 
and the minimum durations were forty-five and fifteen minutes re- 
sjH‘ctiM‘l\. In the dog tlm average duration of hypertension was thirtv- 
three mnmtes; the maximum was forty minutes and the mhiimiiin was 
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tiveiitj' inimites. As observed for ilie time required to reach the maxi- 
Jtiiim pressor effect, the duratfou of the hypertension was independent of 
the duration of llie occlusion beyond the ten-minute period. Dicker 
(1937), in fact, reported pressor effects in the dog lasting onlj' twentj' 
to thirt 3 ^ minutes after relea.sing renal arteries wliieli had been ligated 
for twentj"-four hours. 

4. Uffect of Initial Blood Pressure Upon Development of Eyperten- 
sion After Pclcase of Renal Ischcniia.— Three of the 5 eats iii which no 
rise of blood pressure was obtained aftei’ release of the occluding clamps 
had initial blood pressures of 60 to 45 mm. of mercuiy. One of these 3 
cats had its spinal cord transected at C7 and both adrenals removed 
acutely ; another had only both adrenals removed ; the third had spinal 
transection at 07 while the adrenals remained intact. Common to all 3 
animals was the low initial blood pressure. In none of them was there 
the passive I’ise and fall of blood pressure with application and release 
of the clamps. 

Three of the 7 dogs used in these e.\'periments had initial blood pres- 
sures under 100 mm. of mercury (92, 72, and 50 respectively). They all 
gave typical blood pressure responses after releasing the occluding 
clamps. The dog with the lowest initial blood pressure had had its 
adrenal glands removed aeute] 3 ^ Nevertheless, when the oeehidiag 
clamps were released after having been applied for onl}^ five and one- 
half minutes, there was a rise of 25 mm. in blood pressure returning to 
normal after fort.y minutes. It appears that, at least in cats, a head of 
pressure (60 mm. of mercury) is necessaiy to re-establish the circulation 
through the previously occluded renal vessels. 

5. Tacliyplvylaxis. — ^Repeated injections of renin liave been shown 
to be progressively less effective in producing the t.vpieal rises in blood 
pressure. This phenomenon Avas obseiwed first bj" Tigerstedt and Berg- 
mami (1898) and to it has been applied the term “tach.yplylaxis.” 
Repeated occlusions and releases of the renal arteries have shoAvn no 
eA'idence of taelyplyla.vis in either cat or dog. In no experiment, how- 
ever was the occlusion and release repeated more than four times and 
this maj^ not liaA'e been a .sufficient number of times to demonstrate the 
phenomenon. 

6. Effects Upon the Heart. — In tAvo experiments, an apparent increase 
in the pulse pressure Avas obsei’A'^ed. In tAA’o others, at the height of the 
blood pressure response, there aa'Os a rise in pulse rate to fourteen and 

■ffhteen beats per minute aboA’e basal respectivelA'. Since these observa- 
tions were made (a) AA’ith the Hurthle manometer which might introduce 

artefact in the apparent pulse pressure, and (b) in animals Avitli the 
neiwe supply to the heart intact so that the basal rate aa7i.s 
sjTupa 200 pel* minute and reflex changes Avere possible, tAvo cx- 

usually ao recording from a mcicnry ma- 

penments v denen-ated and Avifh the possibility of adrenal 

nometer, AA’itii me 
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medullary effects removed. The respiratorj^ rate and amplitude were 
recorded in these animals bj' means of a tambour connected with the 
tracheal cannula through a shunt. There was no evidence of change in 
pulse pressure, heart rate, or respiratory rate after release of the oc- 
cluded vascular supply to tlie kidney. The usual respiratory irregular- 
ities due to urethane anesthesia Avei'e observed in 1 of the dogs, but these 
were shown to have no effect on the blood pressure, pulse pressure, or 
heart rate. 

DISCUSSION 

In 1905 Katzenstein applied ligatures to the renal pedicles of a 
curarized dog and released them after thirty-seven minutes of partial 
occlusion and 177 minutes of complete occlusion. He observed a rise in 
the arterial blood pressure beginning about three minutes after release 
of the occlusion, reaching a plateau after eighteen minutes and returning 
to the initial blood pressure after a half-hour. He attributed this ob- 
servation to the effects of .suspected thrombosis in the renal arterioles 
rather than to any humoral effect. Indeed, the Immoral effects of acute 
renal ischemia were not recognized until more than three decades later. 
After the work of Goldblatt and his associates (1933) had demonstrated 
that chronic partial renal ischemia can cause arterial hypertension 
through a humoral agency, experiments were reported showing that 
acute renal ischemia was able to effect a rise in the arterial blood pres- 
sure by a similar mechanism (c/. Taquini, 1938, 1940). Slore recently, 
these observations have been extended by Collins and Hamilton (1940) ; 
Prinzmetal, Lewis, and Leo (1940); and Leo, Prinzmetal, and Lewis 
(1940). 

A theoi’y, or “working hypothesis,’’ has been formulated concerning 
the nature of the humoral mechanism concerned in renal hypertension, 
(Munoz and as.soeiates, 1940; Page, 1940). The ischemic kidney is 
thought to liberate a substance, renin, which, as an enzyme, acts upon a 
substrate, hyperiensinoeien ; or hijj)eriensm 'precursor, present in the 
pseudoglobulin fraction of blood serum. A new substance, hypertcmin, 
is thereby formed which causes arterial hypertension by effecting a dif- 
fuse arteriolar constriction. Prolonged incubation of renin and hyper- 
tensinogen results in a low yield of hypertensin, presumably due to 
destruction of this substance by a second enz}^rae, Jiyperfcnsinase, present 
in the blood. Hypertensinase is produced by or in the kidney and is 
destroyed in stronglj* acid solutions. Hypertensin is called angioioyun 
by Page who has interpreted renin not as an enzyme but as a precursor 
of angiotonin. A number of properties of renin, however (cf. Munoz 
and eo- workers, 1940). favor its enzj’inatie character. 

The e.xperiments reported in this paper indicate a liberation of a 
mnltiplieity of substances from the kidney. Some of the experiments 
showed a preliminary drop in blood pressure below the basal level before 
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tlie pressor resj)onso became manifest. Jn 2 eats, in fact, the blood pres- 
sure fell pi-ecipilously and tiie animals died (Fi{,^ 5 ). Otlier tracings 
exhibited qiiiek rises in arterial blood pressure superimposed early upon 
the .slow rise cbaracteristie of the renin response (Pig. 3). The rapid 
adrenaline-like pressor effects may be due to the liberation of byperteiisin 
(or angiotonin) in small amounts. This ob.servation is in agreement with 
that of Williams and Grossman (1938) who obtained two pressor .sub- 
stances from the iscbemie kidney, a beat-stable adrenaline-like sub.stance, 
and a heat-labile reninlike substance. The rarity with which hypertensin 
effects were produced in the above experiments .supports the evidence 
recently reported by Prinzmetal, Lewi.s, and Leo (1940) that the pre.«sor 
substance liberated after release of complete renal ischemia is renin. 



5 . — A. Cat 3. B. Cat 6. Urethane (1.5 Gni. per kilogram). Tracings of blood 
pressure from right carotid arteiy. Left carotid ligated Botii ^'agl cut in neck. 
Calibration of Hurthle manometer as in other figures Clamps on renal arteries in A : 
on aorta above origin of renal arteries in B. Adrenal glands intact in A ; excluded 
from circulation in B. In A (June 22, 19*10), clamp remo\ed from light renal vessels 
at first signal and from left renal vessels at second signal. Note temporary pres.sor 
pffect upon releasing the second clamp. In B (July 11, 19*10), the clamp was removed 
from the aoita at the signal, five hours after application Heart rate, 226 pei minute. 


Schroeder and Steele (1940) liave reported evidence that the kidnc.vs 
possess a nieehaiiisin whereb.v the.v can maintain their blood flow within 
limits in .spite of changes elsewhere in the systemic circulation. If the 
nassive rise and fall of arterial pressure after occlusion and relea'-e 
• qnectivelv of the renal arteries is taken as a sign of active blood flow 
thron"h the kidney (Figs. 2 and 3; iMwems, 1909), the results recorded 
1 •e\idicate that when the .s.v.stemic arterial Idood pressure has faiJen 
f • 60 mm of mercury the blood flow tbroiigJi flie kidne.v is eillicr 
V °-!'islied or abolished. While causing at least n temporary fall in gen- 
^ • 1 blood pre.s«ure, there is no evidence tliat fympalliectomy or 

spliichn™tomy induces an increase in the blood flow thromrh the kidmw 
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(Smith and associates, 1939). Consequently, the rationale of sympa- 
thectomy in arterial hypertension can logically be questioned. As far as 
the brain, heart, and kidneys are concerned, a reduction in the blood 
pressure by shunting blood elsewhere than through these organs is the 
equivalent of bloodletting. To be of therapeutic value, the drop in blood 
pressure should be effected by some agent which will cause a generalized 
reduction of the peripheral resistance. 

The blood pressure tracings obtained following release of complete 
renal ischemia resemble very closely those obtained by injection of puri- 
fied or crude renin. The usual absence of immediate hypertensin effects 
in the records may be due to destruction of this substance by hyper- 
tensinase in the kidney. Of especial interest are the facts that only a 
very short period of total ischemia is necessary for the production of 
hypertension and that beyond the minimum period of three to ten min- 
utes longer durations do not appreciably affect the degree or duration of 
the rise in arterial hypertension. This may be explained on the assump- 
tion that the substance elaborated by renal ischemia is primarily renin, 
the reaction of which with hypertensinogen is not stoicheiometrie so that 
quantitatively the limiting reactor is hypertensinogen present preformed 
in the blood. Within limits, therefore, small amounts of renin liberated 
during short periods of ischemia would be as effective as larger amounts 
produced during longer periods. 


The mechanism whereby renal ischemia causes the liberation of pres- 
sor substances into the blood stream is not understood. Kohlsteadt and 
Page (1940) have presented evidence that the important result of oc- 
clusion of the renal arterj- for the liberation of pressor substances into 
the blood stream is the reduction in pulse pressure. They demonstrated 
that the liberation of renin from the “ischemic” kidney was independent 
of the mean arterial pressure in the kidney but could be effected by 
diminution of the pulse pressure even though the mean arterial pressure 
was maintained at a normal level. The site of liberation or production of 
the pressor substances is likewise unknown. They may be produced in 
the convoluted tubules of the kidney. Goormaghtigh (1940) believes that 
the substances are produced in the “juxtaglomerular apparatus” of the 
kidney. This consists of cells between the afferent and efferent branches 
of the glomerular arterioles adjacent to the proximal convoluted tubule. 
He has interpreted them as modified smooth muscle cells. It is not un- 
likely that a number of different mechanisms may be involved. Thus 
Bing and Zucker (1941) and Bing (1941) have reported the production 
of a potent pre.ssor substance formed by the anaerobic decarboxylation 
of dopa by human and guinea pig renal cortex. 


The experiments reported here sngge.st that the adrenal cortex plavs 
no role m the immediate liberation of pressor sub.^tanees by the iseliemie 
kidney. he effects of chronic adrenal cortical deficiency in prei'entiim 
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the pressor resi^onse to chronic renal ischemia may he clue to a modifica- 
tion of the artei’iolar effectors rather than to an interference Avitli the 
production of pressor substances. 


Although manj" pharmaeologic properties of hypertensin are known 
(o/. Munoz and assoeiates, 1940; Page., 3940), the chemical nature of the 
pressor substances released by ischemic kidneys remains obscure. Further 
data are required to determine the possible role of hydro.xytyrainine 
(Bing, 1941). The mechanism of the hypertension following release of 
renal ischemia is an increase in the peripheral resistance by arteriolar 
constriction. The experiments reported above in dogs with denervated 
hearts and absent adrenal medullae showed no indication of any effect 
upon the cardiac output or the heart rate. 

The presence of an intact normal kidney inhibits the liypertensive 
effects of ischemia of the other kidney and hastens the retui'n to normal 
blood pressure following extirpation of the ischemic kidney. The logical 
implication has been that the normal kidnev through the agency of 
hypertensinase or some similar mechanism counteracts the effects of the 
pressor substances liberated from the ischemic kidney. Application 
of these data has resulted in the administration of extracts of normal 
kidney bj" Grollman, Williams, and Harrison (1940[a]) and by Page 
(1940) to hjqjertensive rats and dogs, with encouraging results, Groll- 
man, Williams, and Harrison (1940[b]) and Page and his co-workers 
(1941) have treated patients wnth essential and malignant h.ypertension 
wnth extracts of normal hog kidneys. Although their observations re- 
quire confirmation, extension, and further control, the results which they 
have reported are at least suggestive. The experiences of Schroeder 
(1941) with tyrosinase and those of Wakerlin and Johnson (1941) 
with the immunologic aspects of h3'p«4ension, though only preliminary, 


are ver^'^ stimulating. 

There is now ample evidence that the kidne.ys play a major role in 
the causation of some cases of so-called “essential” hypertension. The 
siologic studies of Smith, Eovenstine, Goldring, Chasis, and Ranges 
(■1939) suggest that abnormal tubular function may underlie certain 
• + s oTessential lu’pertension. The significance of such studies is 

l^l^^rthe group of cases classed neee.ssari]y as essential is and will prob- 
ntinue to grow smaller and smaller. There are at pi-esent two 
ably CO jjjjportance in the study of renal hypertension. The first is 
^ a Tidin" of the abnormality responsible for the changes in renal 
anundersa = ]ivpei-ten.sion presumably through the liberation 
circulation circulation. The second is the develop- 

of pressor ® ‘ though not preventing the cause of the di.sea.se, 

ment of substance pre.ssor agents. It is hoped that the 

can be used to co^ additional information to help reach 

technique described abo^ew ^_. 
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COXCLUSIOXS 

1. A rise in blood pressure folloived release of acute renal iscbemia in 
5 of 10 eats tested and in all of 7 dogs (Pigs. 2, 3, and 4). 

2. Pressor effects were obtained bj" total occlusion of the renal arteries 
for periods as short as three minutes. 

3. Beyond the ten-minute period, greater diirations of ischemia did 
not increase the degi’ee or duration of the pressor response upon releas- 
ing the occluding clamps. 

4. Evidence is pi-esented suggesting that a mean arterial pressure of 
at least 50 to 60 mm. of mercurj’- is necessary in order to ensure a de- 
tectable flow of blood through the kidney as tested in the above experi- 
ments. 

5. Hj-^pertension was produced by the technique described above ■with- 
out demonstrable effect on the stroke volume or the rate of the denervated 
heart in animals in which the adrenal medullae had been removed. 

6. The experiments reported above are described as a eon%’enient 
technique for the study of renal hypertension. 
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DUODENAL OBSTRUCTION 

A. V. Paktipilo, M.D., axd G. A. Wiltrakis, M.D., Chicago, III. 

{From the Surgical Department of Loyola University School of Medicine) 


DEPINITIOX OP TERMS 


TPvUODENAL obstruction, in its broadest sense, may be defined as an 
L' impediment or hindrance to the forward passage of duodenal con- 
tents caused by acquired or congenital conditions. The obstruction may 
be acute or chronic, complete or incomplete, the charaeteristic feature 
being a dilated duodenum. 

A survey of the literature concerning duodenal obstruction reveals a 
lamentable lack of unanimity among authors in respect to the nomen- 
clature. The following are some of the multitudinous terms which have 
been applied to descrilie the disease : intermittent duodenal obstruction, 
duodenal ileus, mesenteric ileus, gastromesenteric ileus, duodenal stasis, 
stenosis of duodenum, megaduodenum, arteriomesenteric occlusion, dila- 
tation and stasis of tlie duodenum, chronic compression of the duodenum, 
etc. It is obvious that tliese terms may be appropriately used to describe 
specific or individual types of obstruction; however, when used as all- 
inclusive titles the result is confusion, and misunderstanding arises. 

Frequently, this syndrome is referred to as an ileus. The word ileus 
is derived from the Latin, meaning to twist. At tlie present time, as a 
result of common usage, ileus is applied to designate an obstruction due 
to paralytic conditions in contradistinction to that due to mechanical 
causes. To avoid confusion, the term ileus sliould bo restricted to ob- 
stiuetion due to a disturbance in the nervous mechanism. 

ilesenteric obstruction (or ileus) is a term which is most commonlv 
applied loosely, inaccurately, and without forethought. Possibly, the 
reason for this is due to the fact that traction by the mesenteric pedicle 
IS very ollen the eau.se of duodenal compi-ession. However, other factors 
may be the cause, such as embryonal bands, congenital malformations 
cMrmsic and mtniisie tumoi-s of the duodenum, etc. Hence, the term' 
nu'sciitcne olistniction does not appropriately describe the condition in 


(Tastromcscntcric ileus, acute dilatation of the stomach, and duodenal 
obstruct, on are often used interchangeably and .synonymmislv ThlT, 

s,,ci-!tcd with th’'!'’™? dilatation as- 

01 cn.il obstruction was conspicuous by its absence. We 

n. c,.lv,.,l for iml>Uratl,.n, April 12, 1941. 
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believe that gastric dilatation and duodenal obstniction are tvo dis- 
tinct clinical entities. For the sake of clarity the two conditions should 
be disassociated from each other. 

Duodenal obstruction as a clinical entity is not readily understood 
nor generally appreciated. It is obvious that one of the reasons for this 
apathetic state arises from the incongruous and somewliat bounteous 
terms of definition. The term duodenal obstruction is self-explanatory, 
therefore readily understood. It is all inclusive and describes the syn- 
drome in every case regardless of tlie etiological factor or its pathogen- 
esis. Therefore we cannot be far amiss by strongly advocating the use 
of duodenal obstruction as the title for describing the disease, regardless 
of the tj'-pe, in future publications on the subject. 


ETIOLOGICAL CLASSIFICATION 


Duodenal obstruction may occur at any age, afflicting male and female 
alike, possibly the female more often. Almost ever 3 ’- factor in the causa- 
tion of the disease has been reported. A classification of duodenal ob- 
struction based upon etiological factors v'ould be of material help to- 
ward a more complete understanding of the subject. Furthermore, an 
etiological classification has the merit of focusing attention to the fact 
that duodenal obstruction, as a clinical entity, is caused not only by 
arteriomesenteric compression, but bj' numerous other factors which are 
by far the more common causes of obstruction. These factors may be 
classified in two general groups: (1) those which are basically of con- 
genital origin, and (2) those which are acquired. It is obvious that the 
two groups overlap in many instances. Very often the predisposing 
factors are acquired ; whereas, the basic factor in the pathogenesis of the 
obstruction is of congenital origin. For instance, arteriomesenteric ob- 
struction is in reality an accentuation of a normal condition, hence 
basically congenital, while the predisposing factors are usually acquired. 
This type of obstruction should be placed in the congenital group with 
the realization that it is not truly a congenital condition. Bearing these 
equivocations in mind, the following classification is suggested : 


I. Congenital duodenal obstruction 

A Arteriomesenteric (compression of duodenum by mesenteric pedicle). This 
’ tvpe is influenced by the following predisposing factors: 

1 ptosis of small intestine due to loss of mesenterio fat 
o Abdominal rcla.xation following pregnancy and debilitating diseases 

3 Ptosis of large bowel 

4 Lordosi.s of lumbar spine 

In this type of obstruction the duodenum boeomes eompressed by 
B, JIcsocolic. ” • _ rjiip rondifion is often as'-ociatrd witli jirnlapscd 

the mesocolic root ^ 

hepfttic flexure duodenum in cnnipre.-^-ed hy flie niC'-orolic 

G. Artcrioiupsoco iC- It us-'oeiated witli a mobile fccum and 



PARTIPILO AND 


WILTRAKIS: DUODENAL OBSTRUCTION 


559 


D. Extrinsic duoaenal atresia (complete gap in duodenal continuity). The parti- 
tion ma 3 ’ be due to: 

1. Arrested development 

2. Vascular changes 

3. Inflammatory effects 

E. Extrinsic duodenal occlusion 

1. Anomalous mesenteric vessels occluding duodenum (Buchanan) 

2. Anomalous annular pancreas 

3. Abnormal embryonal peritoneal bands 

a. Hcpaticoduodenal (Fig. 2A) 
h. Hepaticoduodcnocolic (Fig. 2E) 

c. Duodenoduodenal (agglutination of first upper half to second portion 
of duodenum). (Fig. 2D) 

d. Duodenorcnal 

e. Jejunomesocolic (Mayo’s band; also present Case o) 

4. Contraction of ligament of Treitr., drawing duodenojejunal angle up- 
ward 

5. Fault}’ rotation of duodenum may produce complete or incomplete oc- 
clusion 

6. Intraperitoneal mobile duodenum 

a. 'VTitli omentum and ascending colon attached to duodenum and 
jejunum (Bargen and Valter’s case) 
h. IVith complete intcn-uption of duodenum (Kellogg’s case) 

II. Acquired duodenal obstruction 

A. Inflammatory adhesions or band.s 

1. Due to infection of gall bladder 

2. Essential periduodenitis of Duval 

3. Hcpaticoduodenocolic hands a.s result of gall bladder, colonic, or gastric 
disease. 

4. Fixation by adhesions of transverse colon into true pelvi.s associated with 
sinking of the small intestine (present Case 2) 

0. Contracting adhesions from peptic ulcer or pancreatitis 

B. Extrinsic compression 

. 1. Enlarged inflammatory lymph glands 

2. Lymphatic enlargement from Hodgkin's disease (present Case 5) 

3. Aneurysm of abdominal aorta (present Case 6) 

4. Kinking and angulation of duodenum following gastric operations 
. 1 . Secondary compression of duodenum by dilated stomach (Dragstedt) 

C. Intrinsic occlusion 

1. Gall bladder stones and foreign bodies 

2. Carcinoma of duodenum 

Intussusception due to pyloric or duodenal polyp (Kellogg) 

D. Exir.iduodena! 

1. .Tejunal dilatation duo to compression at pelvic brim when small inte.^tino 
is tightly wedged into pelvis (Kellogg) 

2. .Tejunomcsocolic inflammatorv bands attaching jejunum to mesocolon 

PATHOtDGlC ANATOJIY 

Tlie cltiodcmtm is from 10 to 12 inches long and extends from the 
I)yloni.s to the duodcnojo.iunal flexure. It varies from a U- to a C-sliape, 
with the concavity of it.s curvature directed upward and to the left. The 
duodenum intiy he divided into four parts: (1) superior hori’/.ontal. (2) 
descending, (3) inferior horizontal, and (4) a.scending or terminal. 
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The first part measures about 2 inches in length and is llie direct con- 
tinuation of the pylorus. It is completely surrounded by peritoneum 
and is rather moA'ablc. Its eoni'se is backA\'ard, to the right, and slightly 
upAvard, terminating doAAnuA’ard into the descending i^ortion. It forms 
the loAA'cr border of the foramen of AVinsloAv and is in contact Avith the 
under surface of the left lobe of the liA'er and the neck of the gall blad- 
der. 


y.TeniStru 


Flex.duod sup 
( dextral 



1 the topoprapliic.al relitlonthip of tlio (hioilctuiiii. tlio loft 

sUottlnp ...nsonteric iirtory. (Couitosy rif Dr. IP la il.ilport.) 


r.&eJaT?oTnTand mrshperior mc.sentcric urtory. (Cou.t. ^y of 

The deseendi-.^ , 

It descends along the verfelnal 


T T,ortion of the duodenum is from 3 to 4 inclie.s long. 
The descending p , , {„ t),c ],.voi „f Hit- middle of tlie 
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third lumbar vertebra, where it turns to the left and becomes continuous 
with the third part. It is covered by peritoneum on its anterior surface 
except at its middle portion where it is crossed by the root of the meso- 
colon. Fig. 1, taken after Halpert, is a schematic drawing illustrating 
the relationships of the duodenum. Note that the I’oot of the mesocolon 
is shown as dividing the duodenum into an upper, supramesocolic, and 
a lower, inframesocolie part. This relationship is of definite clinical 
value as the mesocolic root may be a factor in compressing the duodenum. 
This is not generally appreciated nor readily understood. Bloodgood 
(1912) was of the opinion that this tj*pe of duodenal obstruction was 
due to traction on the mesenteiuc pedicle as a result of a dilated eeeum 
displaced into the pelvis, and tliat tension on the mesentery of the small 
bowel could not occur unless the last portion of the ileum had an un- 
usually short mesentery. According to Halpert (1926), “the last por- 
tion of the ileum always has a very short mesentery, or better, it never 
has one of any considerable length unless the cecum is movable. A dis- 
placed cecum can hardly exert sufficient tension on the mesentery of the 
small intestine to produce an obstruction of the duodenum, but it may 
do so on the mesocolon, provided that the right half of the colon has a 
mesocolon and is freely movable. The occlusion of this type is caused 
by the mesocolon and not by the mesenterium, and is therefore rather 
an ai'teriome.socolic’ than an arteriomesenteric occlusion.” He further 
states that, “traction on the superior mesenteric artery is also present 
and is exerted by the ileocolic, right colic, and middle colic arteries and 
not by the jejunal arteries as occurs in arteriomesenteric obstruction.” 
In conformity witli the desire to clarify the nomenclature, the term 
me.soeolie obstruction should be applied when the compression is the 
icsult of traction by the mesocolon alone and the term arteriomesocolic 
u hen the obstruction is due to a combined traction by the mesocolon and 
the vessels. 


Having a luiowledge of the relationship of the right kidnev, hepatic 
tiexurc of tlic colon, and the gall bladder to the first and .second por- 
tions 0 1 10 duodenum makes it rather ea.sy to understand how mal- 
formations or ptosis of the kidney and colon and bands of adhesions 
may drag upon and distort the duodenum to produce varying degrees 
ot oh.struction Fig. 2 illustrates various deformities of the duodenum 
that may result from embryonal or inflammatory bands. 

X duodenum crosses the abdominal 

all at the level of the third lumbar vertebra, from the right to the left 
Its direction IS s ightly upward, terminating at the left of the upper part 
0 , . tlnrd l,,m At its termination i, ia croasod ZlZl 

by 11,0 root ot ,1.0 moaonlory ot tUo amall l.mvoi (Fin. 1). Tbo annS. 
m.oo„,or,o «r ory, oontainod „,o „,oao„,o,.io root, oprL“ f, 

Ibc .bdo,n.„.aI aorta y, coli™ aj o 
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opposite the first lumbar verteljra. It proceeds downward and fonvard 
anteriorly to the left renal vein and emerges from under the head of 
the pancreas to enter the mesenteiy of the small intestine. The artery 
accompanied by the vein continues downward, curving obliquely toward 
the right iliac fossa to tei’minate by anastomosing with one of its 
branches, the ileocolic arterJ^ It is a significant anatomical fact that 
the superior mesenteric artery does not cross the duodenum until after 
it has entered the root of the mesente^J^ This is stressed by Halpert who 
states that “although the branches of the superior mesenteric artery 
lie between the leaves of the mesenteric fold causing the obstruction, the 
latter is not produced by the trunk of this vessel, nor is its site at the 
point where the arteiy leaves the aorta.” If traction is applied directly 
on the superior mesenteric arteiy, the left renal vein maj^ be compressed 
wliich may cause circulatory clianges in the left Icidney. 



, „l,n^vin.r . ■ ' " ' ■■■' : — -Juced hy etn- 

•K-ie 2. — ^Drawing siio\\ins _ . . Icnonie.socollc. 

a imderstand properly tlie pathogenesis of arlerioniascntoric 
In order to ,I,e duodenum as being Joenfed within 

ibstruction, nic.senteric pedicle forming llie anterior flexible 

I nutcracker vi i posterior portion. Normally the 

lalf, and the aorta ana spine 



PARTIPILO AND WIDTRAKIS : DUODENAL OBSTRUCTION 


563 


duodenum is slightly compressed, and various investigators have dem- 
onstrated a groove on its anterior surface caused by the mesenteric ped- 
icle, According to Kellogg, the posterior surface of the duodenum also 
has a groove which is due to pressure of the spine alone or spine and 
aorta together. Hence the pathogenesis of duodenal obstruction is an 
exaggeration of a normal condition (Pig. 3A). Since the duodenum is 
relatively immobilized and the spine is unyielding, the only structure 
which can constrict it is the mesenteric pedicle. This oecure rvhen a 
downward and backward traction is exerted on the pedicle with sufficient 
drag to narrow the spinomesenteric angle. Thus any condition which 
diminishes the space behveen the spine and the pedicle will do so at the 
expense of duodenal patency. The process is further aggravated when 
the spine is thrown forward, as occurs in increased lordosis of the lumbar 
spine. This was emphasized by Schnitzler and Vanderhoof. 



There are numerous predisposing factors. We have already alluded 
to the ptosed colon and the drag upon the mesenteric pedicle by the ves- 
sels supplying the right half of the colon. Pig. 4 graphically illustrates 
duodenal dilatation resulting from traction by the middle colic artery, 
following ptosis of the right half of the colon and the hepatic flexure. 
Noimally the small intestine is retained within the abdomen proper by 
the mesenterie fat; however, when there is an appreciable loss of this 
fat, the intestine loses its support and sinks into the lower abdomen and 
e\en into the true pelvis, (Fig. 3B). As a consequence there is a down- 
waid and backsvard traction on the mesenteric pedicle, thus nariwin"' 
the spinomesenteric angle, with the result that the duodenum becomes 



compressed. Similarly, since the small intestine is suspended in a ver- 
tical position from the posterior body -wall, a relaxation of the abdominal 
wall facilitates the prolapse of the small intestine. Therefore, frequent 
pregnancies, or any factor which augments abdominal relaxation, ag- 
gravates the condition. This is further aggravated in the female because 
all the diameters of the pelvis are increased. The greater incidence of 
visceroptosis in the female is probably due to this factor. 



. dilatation due to traction by the middle colic alter}' us u result of 

Fig. 4.— Duodenal ascending colon and hepatic flexure. 

While traction on the mesenteric pedicle is the mo.st common cause of 
compression, the terminal duodenum may also become constricted liy the 
middle colic’ artery as a result of a prolap.sed transverse colon. This oc- 
curred in one of the cases lierein reported. The middle colic artery 
es from the front of the superior mcsentci'ic artery just before the 
rttor enters the root of the mesentery of the small intestine. In our 
tl e transverse colon was firmly adherent by adhesions to the true 
‘'“f ’• .ivnao-hm the middle colic artery vertically downward and back- 
pelvis, ‘nc - mesenteric iiedicle of the small intestine. 

ward m i • found creatly distended, and we believe that its 

The duodenum u jj.j,c,io„ by the middle colic artery, and not 

compression was js;evcrtliclp.s.s, it is possible that the middle 

by the mesenteiic pe superior mesenteric after the hit- 

colic artery (liiodemim. In such contingency the compression 
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would be due to traction on the mesenteric pedicle by the middle colic 
artery. This is only of academic interest, because in either exigency 
the treatment is the same. 

There is considerable controversy concerning the pathogenesis of 
acute gastric dilatation. Two theories have been proposed: (1) that 
the dilatation is primarily a reflex nervous disturbance,- (2) tliat dilata- 
tion of the stomach is associated with, or is secondary to,, arteriomesen- 
teric obstruction. Kellogg (1935) recognized the possibility of acute 
gastric dilatation, but believed that in the majority of instances mesen- 



5. — A. illustiates how cliiatation of the ^tomneh forces the small intestines 
into the pelvis, produces a downward and backward traction on the mesenterj'. and 
B u secondary duodenal compression (after Dragstedt and co-workers). 


teric obstruction was also found. He thought that the essential pa- 
thologj' was compre.ssion of tlie third part of the duodenum by the 
mesenteric pedicle. He staled that gastric dilatation may al.so be pro- 
duced bj- kinks at tlie superior and duodenal-jejunal angles, and oc- 
casionally by compression of the jejunum at the pelvic brim when the 
■small iniestines are tightly wedged into the pelvis. On the other hand, 
Oragstedt, Hontgoiiiery, Ellis, and Matthews, in an excellent study of 
the suh.iect eoncluded tliat gastric dilatation following operation was 
due to a reflex inhibition of the peripheral gastric motor meehanism 
tlu-ough impulses reaching the stomach by way of the vagi and splanch- 
nies. They believed that an enlarged duodenum, if present, was sec- 
ot\dary, and was caused either by a direct pressure of the dilated stomach 
on the transverse duodennm, or by a .secondary arteriomesenteric com- 
pres-sion brought abemt iiy the downward pre.ssni'e of the dilated stomach 
wlueh forced the intestine into the pelvLs (Fig. 5). 
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While not wisliiiig to become involved in this controversy, neverthe- 
less, it is our opinion that the proponents of these theories are at cross 
purposes. It is universally agreed that acute gastric dilatation is most 
frequently seen as a postoperativ'e complication and seldom as a conse- 
quence of arteriomesenteric obstruction. In none of the cases of pri- 
mary acute duodenal obstruction did we observe a grossly dilated 
stomach. This is also the experience of others. This significant ob- 
servation must' be taken into consideration when discussing the pathogen- 
esis of acute gastric dilatation. Since gastric dilatation is an uncom- 
mon sequela of arteriomesenteric obstruction, it is logical to conclude 



„ cM,or.ntir representation of tlic rtuodenum and It.s reIiitlon.sliip. Jl. 

of Treitz C. Short lipanient whicli draw.s tlic duodenojejunal 
fleSre^rathe? hi|b and to the left, thus rendering the tlcxurc more acute. 


that its causative factor must be looked for elsewhere, po.ssil)ly in tlie 
eh as simgested by Dragstedt and his co-workers. On the other 
't 'must°be conceded that when the duodenum is eoincidcntally 
^ \ the stomach the phenomenon is most likely and primarily 

enlarged origin and not secondary to the pressure of a 

of arteriomesen are two distinct clinical entities: (1) 

dilated stomaci. ^ dilatation due to a disturbance in the f'nsiric 
postoperative acu e g ■ accompanied by a duodenal dilatation, 

nervous innervation ano 
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the most common type; (2) gastromesenteric obstruction, an uncommon 
postoperative complication and its causative factor is primarily in the 
duodenum. If these terms are properly applied, a great deal of con- 
fusion and misunderstanding will be obviated. 

Duodenal obstruction not infrequent^’' occurs as a result of an acute 
angulation of the duodenojejunal flexure. Its pathogenesis is based 
upon a disturbance of the normal relationship of the duodenum and the 
ligament of Treitz. When the terminal duodenum reache.s the left side 
of the first or second lumbar vertebra, it turns abruptly forwai’d, down- 
ward, to the left, and passes into the jejunum. Thi.s bend, known as 
the duodenojejunal flexure, is fixed by a thin band of unstriped muscle 
called the ligament of Treitz. The latter is attached to the left crus of 
the diaphragm, and is continuous with the duodenal musculature. Its 
relative length determines the position of the duodenojejunal flexure. If 
.short, the flexure is placed rather high and to the left, thus rendering 
the flexure more acute (Pig. 6C). The acuteness of the angulation may 
be accentuated by a gastrojejunostomy, especially when the patient is 
in Fowler’s or semisitting position. For this reason the surgeon should 
examine the duodenojejunal flexure in all eases when a posterior gastro- 
jejunostomy is contemplated. If found acutely angulated, the ligament 
should be divided and its end ligated. 



fnce'^o'f Vhe^nie-inrnlntr'^ivi.TJ’® PoUion ot the Jejunum is; axed to the interior sur- 

thc J0ju4m to'tl.e right ot th^botiy.®"^ ''**"® 


Duodenal obstruction may also result from an abnormal attachment of 
the first loop of jejunum to either the transverse colon or mesocolon. In 
ms Slnyo described the attachment of the first loop of jejunum to the 
transverse nmsocolon ht- hands of adliesions. i\s illustrated in Fig. 7, 
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this band unites the inferior surface of the mesocolon to the anterior 
surface (ihght side) of the jejunum, thus pulling the jejunum to the 
right side and acutely angulating the duodenal jejunal angle- A very 
unusual abnormality of the first loop of jejunum Avas observed in Case 3. 
As illustrated in Fig.. 8, about 3 inches of the jejunum was firmly at- 
1 ached to the transverse mesocolon by a peritoneal band. Kellogg de- 
scribed a ease of duodenal ob.stiuction due to compression of the jejunum 
at the pelvic l3rini as a result of the small intestine’s being tightly 
wedged into the pelvis. 



-n-ijr s About 3 inche.^ of the Jejunum are atfaclicU to the trnn.'jverse me-wcolon by nn 

■ ombr.vonal peritoneal band (Case 3). 

DIAGNOSIS 

The diagno.sis of duodenal obsfi-uclion may he easilj^ arrived at in 
some cases, Avhile in others it maj' not be so obvious. The first require- 
ment for a diagnosis is a thorough Iniowledge and familiarity ivitii the 
subject, and the utilization of this knowledge in tlic differential diag- 
nosis of all obscure upper abdominal diseases. Tlie duodenum lias been 
called the silent portion of the gastrointestinal tract, however, it will 
k loudly if attention is paid to it. No single symptom or eomhina- 
^ f c,-m*otnms and pln-sical findings is pathognomic. Jfowover, ivlien 
sAUiiptoms and findings are analyzed m conjunction with the liis- 
{ the case and supplemented Avitli roentgen studies, they a.ssumc 
tfinUe characteristics indicative of duodenal obstruction. 

Tt r' of chronic duodenal obstruction reveals that the age 
The ms oi} ^eeiidc, and that it occurs more often in the female 

group IS in le given as 3:1). These jiatieiits are the 

than in „i,il,ninc undernourished, thin individuals ivith 

visccroptotic type; < 
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scaphoid abdomens. A great majority of them have had premous med- 
ical treatment for “stomach trouble,'’ peptic iilcer, gall bladder disease, 
chronic appendicitis, dyspepsia, “ner*vous stomach,” “vagotonia,” neur- 
asthenia, or other chronic abdominal ailments, ilany will give a history 
of having had one or more laparotomies, which not only failed to relieve 
them but very often aggravated the original symptoms. The physician 
.should be on the alert and investigate the duodenum when a patient gh'es 
a history of being treated for neurasthenia, gastric neurosis, or dyspepsia. 
It is our belief that the underlying cause of neurasthenia in some cases 
is due to an obscure disturbance of one of the body systems, such as the 
reproductive, endocrine, genitourinary, gastric, etc. If a neurasthenic 
patient presents gastric sjnnptoms, it seems logical to us that duodenal 
pathology should be ruled out. 

Patients with chronic duodenal obstruction involving the first or sec- 
ond portion of the duodenum may be well developed and do not present 
the pliysical characteristics of the asthenic type. Their symptoms iisu- 
ally are wrongly diagnosed as peptic ulcer or chronic gall bladder dis- 
ease. Yery often it is difficult to make a differential diagnosis as the 
symptoms of chronic obstruction affecting the first and second portion of 
tile duodenum are similar to these conditions. However, two important 
facts stand out: (1) medical treatment for peptic ulcer or for the gall 
bladder disease fails to relieve the symptoms, and (2) roentgen studies 
invariably reveal a duodenal deformity. 

A host of symptoms descriptive of duodenal obstruction have been 
enumerated by various writers. The following is a more or less compre- 
hensive list: vomiting, nausea, bilious attacks, migraine headache, con- 
stipation, loss of weight, eructation, epigastric pain, regurgitation, 
borborygmus, dragging sensation, etc. One can readily see that these 
symptoms taken singly or collectively are suggestive of any number of 
abdominal diseases, and not conclusive of any. However, when analyzed 
in relation to the duration of the illness, onset and course, and correlated 
with physical and x-ray findings, they assume certain features charac- 
teristic of duodenal obstruction, and become distinguishable from other 
abdominal conditions. 

The history reveals that in chronic duodenal obstruction the illness 
is of long duration ilany patients nill date back their complaints since 
childhood The diagnosis of chronic duodenal obstruction in one of our 
liatienls (Case 3), who nas referred to us with a diagnosis of perforating 
and bleeding ulcer, wius made because the patient stated that he had 
had gastric distiess since he nas 6 years old This was the onl.v clue 
nliicli, coupled with subseciuent loentgen findings, indubitably revealed 
the cause for the long-drawn-out history of gastrie dustre.ss. The op- 
eratne findings revealed a duodenal ohstruetioii due to fixation of the 
fiist loop oi .le.mnnm to the lran.s\i>rse iiiesoeolon in addition to the 
ulcer comiilieations. 
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Aiiotlicr cluii-iuMcrisI ic feature of llic cliroiiie tyi)c is tlie interniit- 
leiil r(>(’urreiit attacks, fti .some iiidivifliiaks these atlaeks may he in the 
nature of “fiaslrie disturhaiiees,” stieli as eotistij)atioii, nausea, lieadache, 
and “l)ilious attaeks," -wliilc in others tliey may he usliered in with 
nau.sea, vomitiii”:, eijif'astrie i)ain, and otiier .symptoms indicative of a 
hiffli inte.stinal ol)struetion. In some individuals the attaeks may not 
lie ])artieularly severe until early adult life. In sneli eases the acute at- 
tack is pro])ably hroufilit on as a result of abdominal relaxation followin" 
frequent i)r('f:naneies. or lo.ss of me.senteric fat followinfi a debilitatin'! 
di.sease. It .should be stressed at this time that aentc duodenal obstruc- 
tion n.shered in without a bistoiy of previous attacks is u.sually due to 
occlusion of the duodenum by extrinsic or intrinsic tumor. 

Of the .symptoms enumerated, vomitin'! is the most charactcri.stic. 
It is generally intermittent and the A’omitns contains enormous quanti- 
ties of bile. When the obstruction is complete, the emesis is abundant, 
continuous, and occurs soon after a meal is eaten. The attack may 
last twenty-four hours or longer dependin'! upon the decree of oh.strnc- 
tion. In one of our eases (Case 1) the patient vomited for a period of 
nine days, and was relieved only after a duodenoje.iunostomy was per- 
formed. At times, vomitin'! will be relieved by a.ssumiU'r the knee-chest 
position, or by lying on the abdomen or the right side. This is a sig- 
nificant factor to elicit in the histoiy since it is only in duodenal obstruc- 
tion that posture will relieve the patient of vomiting. In Case 2, the 
])atient slo])pcd vomiting while resting in bed with the foot elevated 18 
inches. This was used as a therapeutic test. Subsequent x-ray ex- 
amination confirmed the diagnosis. This test is not always positive as 
elevation of the foot of the bed may not always relieve the eompre.ssion 
of the duodenum. 

Epigastric pain is associated with vomiting. It varies from a mild 
disconTfort to a sharp colicky pain. The patient is relieved or the pain 
subsides after vomiting. The pain in duodenal obstruction is probably 
due to the distended duodenum and to the unyielding spastic pylorus. 
When the pylorus jdelds, the duodenal contents empty into the stomach 
and the patient vomits. Thus relief of pain which follows is possibly the 
■esult of pyloric relaxation and relief of intraduodenal pressure. The 
^ ■ n i-ir-iniis circle as the pain will recur with subsequent ac- 

1 t’on of secretion in the duodenum. In some cases vomiting may 
cumuai feature; however, examination of gastric contents 

not be a piomu " _ _ i -i.. 

will reveal large quantities of bile. 

X-KAY EXAMINATION 


tveii studies will confirm the diagnosis in practically 
Careful roen o ^ Imwever. that if these studies are made 


every case. 


It should be noted, however, 

^ attaclcs, when the patient is free from sjTuptoms, 

in between the acu e ‘ > ^ Roentgen observations were 

the roentgen observations maj 



PARTIPILO AKD WILTRAKIS: DUODEKAL OBSTRUCTION 


571 


first reported by Jordan in 1911. Avho described and showed by x-ray 
plates the findings of duodenal obstruction. These findings were verified 
by Lane. Jewett, quoted by Lichty, insisted that certain essential points 
are necessary to establish the diagnosis. He said; “The essential points 
then are dilatation of the duodenum, writhing of the duodeiuim, waves 
of reverse peristalsis, puddling at the duodenal .iunction. There is usu- 
ally a low descending loop in the duodenum and a high j)oint of fixa- 
tion of the duodenojejunal angle which can be demonstrated by lifting 
of the stomach, Thci'e is often a six-hour gastric stasis, and the duodenal 
cap is not infrequently dilated along with the rest of the duodenum. 
The diagnosis, however, is made largely on the fluoroscopic findings.” 

Kellogg and Kellogg, in 1927, noted that changes in the duodenum 
follow one of four types ; 

1. Asthenic duodenum (sjTnptoms latent or toxic). Eoentgen exam- 
ination may show delay or puddling in the duodenum, with sluggish 
peristalsis and slight or no dilatation. 

2. Duodenal obstruction, with incompetent pylorus. Bile regurgitates 
easily into the stomach. Dilatation is usually moderate or absent. 
Koentgen-ray examination is negative or shows reverse peristalsis. 

3. Obstruction, with hypertrophy (the writhing duodenum). The 
duodenum is elongated and its walls are thickened. L'nder the fluoro- 
seope it is seen to labor over its contents. 

4. Dilated duodenum. The area of duodenal t\nnpany is increased; 
suecussion is present. Pain occurs, either steady and dull or cramp- 
like. This vai’iety is most reaclily demonstrated by the roentgenologist. 

Shattuck and Imboden have made the following observations: 

1. Bands about the first and second portion of the duodenum may 
show the duodenum markedly contracted in size in comparison with 
tlie .size of the stomach, or it may be larger than normal. The duodenum 
may be deformed, as in ulcer, but the defonnity is not constant and 
varie.s from lime to time in various positions. 

2. The upper part of the descending limb may be fixed, and the part 
adjacent to the liver may liave a flattened appearance, thus obliterating 
the normal curvature of the duodenum. 

3. A commonly observed phenomena is a fixation of the dependent 
limh of the duodenum to the liver at a eeidain point, producing a definite 
angulation. 

4. Olistniction at the ligament of Treitz shows the angle is shifted to 
tlie right of it.s normal position. The dependent duodenum is usually 
enlarged, especially in its transverse diameter, and the valvulae con- 
niventes arc frcciuently absent. 

To .siumnarize, the findings and technique of fluoro.scopic examination 
aio: The examination is made while the patient is standing. After the 
stomach has been examined, it is pushed upward and to the loft bv the 
examiner s hand, thus gaining an nnohstrueted view of the dnocleniim. 
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Mnntini will he seen (o ciifi'i- (lie (Iundciiiiiii rallicr iaj)i(lly at first; liow- 
('\('r, as soon as it rcaalios tin' ]inii1);n' vortcbrac, it slojis. The dnodfiiiini 
lu'conics fillt'd and is seen to (“nlar"(*. .Soon tin* bariuin from tlic stomach 
slo])s (Iowin;i into tlio dnodi'iinni, and instead, as a result of an active 
antiperistalsis, there is reji'iir^jitation of tlie duodenal contents into the 
stoinaeh. The dnodennm may appear to lie contorted or writliinir, and the 
contents may lie seen to sway liaeic and fortli in elnirnin'r movements. A 
five-lionr plate will invariably reveal duodenal and pjastrie I’csidne and 
a dilated dnodennm. 

Disaiipearanee of tlo'se findinirs by IJaye.s' manenver is confirmatory. 
The Hayes' manenver is as follows: Pre.ssnrc is made by the hand over 
the abdomen .just below the nmbilicn.s. The ma.ss of intestine is poshed 
upward, backward, and to the left, thus i-elievin;' the downward and 
backward traction on the me.sentcrie pedicle. Jn about thirty seconds 
the dnodeno.ie.jnnal anjrle i.s- opened and the duodenal contents ai'c seen 
to jiass into the jejunum. 'I'he dcscendin;> portion of the duodenum 
may bo visualized in the lateral view. 


TRE.VT.MENT 

The treatment of duodenal obstruction dcjicnds to a frreat e.xtent 
upon the undcrlyin,£r causative factor. The treatment for the vis- 
ccroptotic type and for the chronic form of duodenal obstruction is 
preferably medical. The objective is to increase the fat content of the 
mesentery in order to elevate the small intestine upward and forward, 
thereby relieving the backward and downward irnetion on the duodenum 
bv the mesenteric pedicle. This can bo accomplished by postural rest in 
bed, hiuh caloric fat diet, and abdominal e.xcrcises. Having the patient 
rest in bed, the foot of which is elevated 12 to IS inches, permits the 
small intestine to migrate into its normal position. The pressure on the 
duodenum is materially relieved by having the patient lie on the ab- 
domen as much of the time as possible, especially immediately after each 
meal (at least twenty minutes). The abdominal muscles are strength- 
ened by abdominal massage, setting-up exercises, and alternate raising of 
the Ic^s at right angles with the body in the prone position. In the 
beginning these exercises must be done vuth moderation, and at no 
time must they tire the patient. At the same time the patient is placed 
nourishing diet. During the first few days the food intake should 
t ■ about 1 SOO calories, and later should be increased to a minimum 
OoVcalories. The major portion of the foods should contain high 
‘ fats and carbohydrates, such as vegetables, fruits, 

caloric va u farinaceous puddings, butter, etc. The food 

^ 1 1 ’be thorouAily cooked, and small frequent feedings are preferable 
to the usual three me patients are constipated, hence every effort 

The majority o ‘ , noj.jnal bowel movements. Strong laxatives 

should be directed to coutioi 
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or purgatives should be avoided as they only aggravate the condition. 
Judicious use of mineral oil or milk of magnesia has been found to be 
ser\-iceable in our experience. As long as the patient is resting in bed 
1 t'ablespoonful of milk of magnesia is given three times a day until 
the number of bowel movements are abnormally increased, when the 
amount of magnesia is decreased to produce a normal desired effect. 

Postural rest in bed, judicious exercises, and intelligent use of a high- 
calorie diet prolonged for a pei’iod of months will bring about relief in 
the great majority of patients. If satisfactory results are not obtained, 
.surgical intervention is indicated. The following criteria may be used 
to decide the question of operation: (1) failure of medical treatment to 
relieve the symptoms after a prolonged fair trial; (2) inability of the 
patient to gain weight after three months of postural and medical man- 
agement; (3) duodenal retention as shown by a five-hour x-ray plate; 
(4) persistency of vomiting during medical treatment; and (5) recur- 
rent attaefa of vomiting. 

For the mesenteric type of obstruction the operation of choice is a 
duodenojejunostomy. This is the only procedure which adequately and 
thoroughly drains the obstructed duodenum. Some authors have sug- 
gested a gastrojejunostomy; hoAvOA-er, it must be recognized that this 
operation does not adequately drain the obstructed duodenum. It re- 
licA-es the patient temporarily by short-circuiting the gastric contents, 
hut the duodenal contents are not emptied, and as a result, the patient 
may continue to complain of the original s.ATnptoms. A gastrojejunos- 
tomy may even aggravate the condition by increasing the duodeno- 
jejunal angle, thus complicating the me,senteric obstruction. lYe agree 
Avith lYolfer (1927) that suspension of the ptosed Aiscera is uniformly 
unsuccessful for the cure of aileriomesenteric obstruction. 

lYhen the cause of the obstruction is an inflammatory or embi’jmnal 
baud, simple division of the band is the ]n‘ocedure of choice. Denuded 
surfaces must be peritonized by either an omental graft or by suturing, 
else the condition is apt to recur. Gastrojejunostomy or better, gastro- 
duodenostomy is the logical procedure in those cases Avith massu’c ad- 
hc.sions involving the first portion of the duodenum. 

(.olopexy, after the technique of lYaugh, or colofixation to the anterior 
abdominal Avail is the ojieration of choice for the mesocolie and arterio- 
mcsoeolic obstruction. I' or the arteriomcsoeolic type, a duodenojejunos- 
tomy is a logical supplemental procedure, a.s eolopexy or colofixation 
alone may not completely relioA-e the compression. Right colectomy 
as suggested and performed by Bloodgood is too formidable and should 
be replaced by a more conseiwatiA’c and less dangerous procedure. 

The treatment of carcinoma of the duodenum, when the growth is 
removable, i.s resection with an end-to-end anastomosis to rc-e.siabli.sh 
the lumen continuity. If the groAvth is fixe.l or invasive, or if mctasta.ses 
arc present, a dnodcnojcjnnostomy is indicated. 
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(• \Ki; itr.i'oirrs 


Cask 1. — Siutn M. h^imI ^’I jotiis wim :i<linitt(‘il to the St. M:in of Xii/arotli 
ITo'-iiitai oil .Tiiilt' 27, The cliinf I'otnpIaintK arro \oiaitintr for ono innatli, opi- 

Hastric pain of tao laonllis’ iluralion, iianoca, anil lns>. of 17, iiounils in aoiglit 
aitliin fill' past fao montlis. Tho pain aas loralirnl in tlip npiirr right f|iia(lranf. 
At till' onspt. nlioiit lao months hofora, it aas mild and ti'-sociatad aith nausea; 
hoaoter, aithin fue aeeK' it had liocome more ■•erere, nausea increased in proportion, 
and .soon the patient vomited a green-colored fluid ahicli hroiight ahonf relief of 
jiain. The attaehH of pain occurred nliont one half hour iifter eating. Upon 
admittance the patient's chief complaint aas romiting. The ^omitiis aas deepl.v 
liile stained and contained fond or fluid taken pre\inus to roiniting. On .Tidy 1 one of 
lis f.V. V. P.) aas called info coiisultation and the fnlloaing oliser^alions acre 
made: The patient stated that she could not take anjthing hv mouth aithout 
vomiting it. The pain aas not parficularh spxpre. Vomiting ocetirred at about 
fite to ton minutes folloaing intake of food or fluid. The epigastric region aas 
slightly distended and tympanitic, and no rigidity aas elicited. The patient aas 
rather aeak and delirdrafed. Past history rerealed that the patient had had an ap 
pendectomy in 102!' and a lliyroidectoiny in lO.*!". 

X-rnif Hrpnrt . — Poentgen eviminafion of the stomach slioaed ptosis of the stomach 
aith the greater curtature evtending 5 inches below the umbilicus. The stomach 
had some diflieult.v in emptying, and a re\erso regurgitation of the duodenal contents 
aas noted. The duodenum aa« enlarged, and barium jiasscd into the jejunum with 
diflieulty and at irreptlar inter\als. 

Operation . — Duodenojejunostomy aas performed on ,Tuh h. 


Covnnenf . — The operative findings revealed the sfoniacli free from 
uleei's or tumors. Upon lifting the transver.se colon the retrodiiodemim 
Avas seen bulging through the mesocolon. It was dilated to about twice 
its noi'nial size. The small intestine ivas found collapsed and its mesen- 
terv wanting in fat. Lifting of the mesenteric pedicle caused the du- 
odenum to empty into the .iejunum. This patient Avas of the asthenic, 
thin visceroptotic type. The cause of the obstruction Avas apparentl.v 
due to the absence of mesenteric fat. The patient made an uneventful 


recovery. 

2 .— -Megaduodenum due to adherent transrerse colon into the pehis. Mis. 
T p need 35 ycais, an as admitted to the Elgin State Hospital on March 2, 1937. 
She ha'd'"had abdominal pain for a period of two jears. The pain was “cramp 
Ik- “'in nature diffusely distributed orer the abdomen, but more marked in the 
' . . associated AAith icciiirent attacks of vomiting In Deeembei, 

S^IChad" been treated for peptic ulcer at the Cook County Hospital 
■ ’ .j Elgin State Hospital foi obsenation. Upon admittance she 

She cn crec , manifestations. Hei chief complaint was lomiting which 

showed no interials, and epigastiie pain was associated with food intake 

occurred at irregu a while the patient remained in bed. Past history and 

The paiv jpiT; appendoctom.v, 1918; lemoval of lingual 
physical findings. g,;omination rer-ealed a well developed, white female l.ving 

tumor, 1930. Phjsic, ' p^aring acutely ill. Temperature varied from 99 to 
comfortably m be , gg 96 ; blood pressure, 124/80; right McBurnej 

100.8°; pulse varied abdomen; tenderne.ss elicited in epigastrium and upper 

and suprapubic scars on 
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quadrants; no muscular rigidity; the ascending colon was tympanitic. Physical 
findings elsewhere were essentially negative. Serology, blood chemistrj-, gastric and 
urine analyses were negative. 

X-ray Pindinf/s.— The stomach was low in the pelvis. There was a marked dilata- 
tion of the first, second, and the beginning of the third portions of the duodenum 
nith reverse peristalsis present. Very sharply demarked limitation of the passage of 
barium at the midportion of the third part of the duodenum in the region of the 
spine. The stomach filled readily and rugae were present. The duodenal cap was 
clearly visualized and smooth in outline. An immediate plate (Pig. fi) revealed 
the descending and transverse portion of the third part of the duodenum was 
markedly dilated, measuring about 3 inches in diameter, and sharply terminating 
over the spine. A six-hour plate (Pig. 10) revealed GO per cent of gastric residue, 
with barium remaining in the duodenum and duodenal cap, and some barium present 
in the terminal portion of the ileum and ascending colon. A twenty-four hour plate 
revealed a .small amount of barium scattered in the ascending, transverse, and sigmoid 
colon. 



KIS 9— C.Ki> 2 
nitUiiito pi ite «havv 
rut'r Iht -.smn' 


Compression of the duodenum by the middle colic artery. Im- 
ing- the maikcdl) dilated duodenum which is sharply terminated 


Opcratiu Puiihnri ':. — The patient was operated upon on Mareh 10, lO.I", seventeen 
lavs after ininnssion. Ipoii opening the abdomen numerous adhesions were encoun- 
tered. The transverse eolon was adherent firmlv into the true pelvis Iiy adhesions. 
Ihere was consiileralile drag upon the mesocolon. The stomach was slightly dilated; 
Its wsill was thin, am! the pjlorie sphincter admitted two fingers. There was no 
evidence of ulcers or scars in the stomach wall. Upon lifting the right half of the 
tr.uisvcrve, the rctroibiodenum was seen bulging through the mesocolon, and the 
diamidcr of the .luodcmim was estinntod to be about 4 incbes. The fir-t portion of 

edemntmiT" " " appeared to be 


SIJItOnKY 


r)7fi 


Ojif/dfitT Pron (htrt . — An iitt('ni|)l was iinnlr (o froc tlir (rnns\pr(-c rolnn from 
tlio jK'lvis, l>nt it HO (loiiHoly atljirlu'd that tliis nas A duodenO’ 

jpjnnostoniy was doin' botwccn tin' collapsi'd jpjiinniii and tin’ dilated retroduodenum. 

roUoU'-Up Xohn . — The patient made an uneventful rccorery. On April 28, 1937, 
the fortletli Jiostopeiative day, x-iay Htndies were made. An iniinediate plate (Tig. 
11) rerealed the harinm pas-HiiiK directly from the dnodenuni into the jejunum 
throntth the new opeiiiii};. The Mx-honr plate (h'ij;. 12) revealed the .stomach empty, 
and most of the harinm in the colon. On May 21, 111.37, the patient wa“ discharged 
from the HIgin .State Hos])ital witli the fidlowing notation: “Patient gained 20 
pounds in weight since her oiieiation. She has heen dischaiged from the institution 
as without psychosi.s, and having recoxered from the acute physic.al condition.” 



in fsnnn 2 Compression of the duotlonum bj- the mutate cotic artery. Si-v- 

tiourlilate .shows GO per cent lesutue m ttie stomach, xvitli barium m ttie duoaenum 
and duodenal cap. 


CoHiwetii.— This case illustfates the importance of examining the 
duodetiittn in all eases of unexplainable gastric symptoms. X-ray find- 
ino-s before and after operation, the operative findings, and tlte com- 
plete relief of symptoms followittg tlie operation are conclusive evidences 
P • this ease the symptoms were due to a duodenal obstruction, and 
Pot the result* of peptic ulcer or of a tteurasthenie .syndrome. 

T1 obstruction was due to the downward and backward pull of tlie 
_ duodenum, and not mesenteric traction. Tlie 

middle CO 1C ar_.^^ ^ eolopexy; however, this was 

operation ^o flrmly attaelied transverse colon in the pelvis. 

^ 1 attaching the fir.it loop of jejunum to the trnnsver.ie 

Case bleeding and perforating peptic ga.stiic ulcer. Mr. E. L., 

mesocolon associated iviui 
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Mg. 11 . — Case 2. Compression of the duodenum by the middle colic artery. Im- 
mediate plate made on the fortieth postoperative daj". Note the baimm passing di- 
rectly into the jejunum through the duodenojejunostomy. 
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(3 jciir><, II fiiimcr. Sinn* 0 years of :ipr tlie patient has (•xperieneed nhdominal 
(listless elmraeteri/ed by nausea, abrloniiiml pain, ami ^nwitinf;. The pain iras 
loented in the epigastrium, vas relieved by \oiniting, and ('na not related to food 
intake. In 1022 a diapiosit of bleeding peptie uleer ■uas made and he rccebed 
niedieation nhieh gave liini relief. He «us tlien free from symptoms for about 
fifteen years. In .Tune, lO.'O?, lie had a severe gnstrie hemorrhage which came on 
suddenly witlinul pre\inus pain or warning. He was treated medically, about two 
months being required for eompleto recovery. In December he began having 
epigastric pain which was often, but not constantly, relieved by vomiting. Pain up- 
on admittance was dull, extended across the h_\poehondrinc regions, and not related 
in time to eating. ‘Within the past two week.s he had vomited every day. During 
the past week his stools had been black and associated vvith marked constipation. The ' 
vomitus was sometimes almost all liquid, brown or greenish in color, but not "coffee- 
ground" in appearance. The patient was referred to one of us (A. V. P.) with a 
diagnosis of bleeding and perforating gastric ulcer, as substantiated by x-ray 
studios. 

Physical examination was essentially negative except for some tenderness and 
slight rigidity in the epigastrium. 

Zahoraiory Tats. — P. B. C., 2,870,000; hemoglobin, C4.9; total protein plasma, 
5.85; urine, negative; fractional meal analysis, lowest free HCl, 31 degrees, highest 
7o degrees; Kahn test, negative; stool examination showed occult blood, 1 plus. 

X-rau Xramiualioii . — The following report was given on the x-ray examination 
made upon admittance at Hercy Hospital: 

"The fluoroscopic examination made with the radiopaque medium revealed the 
emulsion entering the esophagus freely and dilated it normally. There was no 
evidence of lagging at the carclia. The stomach filled readily with the greater curva- 
ture leaching the level of the crest of the ilium in the median line. Peristaltic func- 
tion was hyperactive with the waves not closing off accurately to the tip due to 
effects on the lesser and greater curvature of the pylorus at the antrum. The first 
portion of the duodenum showed a diverticulum in the inferior surface, and several 
defects on the superior surface. The second portion of the duodenum showed the 
barium passing through it, without any evidence of peristalsis, in a thin stream. The 
proximal end of the third portion of the duodenum was markedly dilated, and anti 
peristalsis was very evident. Patient complained of tenderness upon palpation over 


the defects. 

"The five hour roentgenogram showed some retention of the barium in the 
diverticulum, and the remainder of the barium distributed throughout the colon." 

TreoperaUve Diagnosts — ^Bleeding and chronic perforation ulcer; chronic duodenal 
obstruction due to an embryonal band fixing the first loop of jejunum; possible 

gastroduodenal fistula . , . . - 

n alive Findings . — There was a stellate scar on the anterior surface of the 
lorus The pyloric end of the stomach and the first part of the duodenum were 
? °i™^adherent together, and apparently a fistulous tract communicated between 
The head of the pancreas was slightly enlarged. The first loop of jejunum 
^!Tfound adherent to the transverse mesocolon, and its direction was to the right 

of the body embry onal band was excised, and the first loop of jejunum 

Trace are. , position. A partial gastrectomy was performed, 

restored to ms 


ologic JtepoTi. . f < T - 

ts of a pyloric segment of the stomach measuring 14 cm. in 
ecimen consis is apparentlv- the anterior surface of the stomacli 

length. Peritoneum eovei ^ in color. That covering which is apparently- the posterior 


luLigo... - o-iav in color, imu 

is smootii and reoo s ^ - fibrous adhesions. The mucosa is swollen, reddish 

aspect seems roughened by 
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tan in color, and on it red-stained mucous is noted. About 4.5 cm. proximal to tlie 
pylorus is apparently a small out-pouching of the wall. This is lined by smooth, 
reddish tan mucosa.’ Along the margin of this out-pouching a small depre.s.sed area 
about 4 mm. in diameter is noted. Alicroscopic diagnosis: subacute perforating 
peptic ulcer, located at pylorus. ’ ’ 

Comment . — Tlie patient made an uneventful recovery, and at this 
tvriting, one year after operation, he is free of all syunploms. This case 
illustrates.the importance of investigating the duodenum when a histoiy 
of gastric distress dates from childhood. 

Case 4.— Mrs. E, N., aged 64 years. Duodenal obstruction due to wreinoma of the 
terminal duodenum. The patient was admitted to the Grant Hospital on Aug. L*. 
1938, with the hi.story of two previous admittances to the hospital. At first admit- 
tance, May 4, 1938, the patient’s chief complaint was vomiting. .After three days of 
observation she was discharged with a diagnosis of chronic cholecystitis. T«o 
months later, July 18, 1938, the patient was readmitted, and the following history 
was obtained: intermittent attacks of vomiting, pain in the upper right quadrant, 
and some distention of the abdomen. The vomitus was bile-.^tained. She appeared 
dehydrated and acutely ill. X-ray examination was made at this time with the 
following report: 

“Esophagus, stomach, and duodenal bulb negative fluoroscopically and radio- 
graphically, but the barium nevertheless was held up in the bulb in the erect position 
and only went through while lying down. There was a small retention in the bulb at 
the five-hour examination [Fig. 13]. This we believed to be due not to duodenal 
pathology but to pressure and adhesions from adjoining gall bladder. Gall bladder: 
.suspicion of gall bladder pathology verified by the fact that the gall bladder was 
not well visualized, but neverthele.ss, was outlined sufficiently showing it to be 
distinctly enlarged and undoubtedly pathologic. At the same time some of the dye 
remained in the stomach, again verifying partial obstruction in the duodenum.’ 

The patient was operated upon on July 26, 1938, and the gall bladder removed. 
She continued to vomit postoperatively and on Aug. 5, 1938, she was discharged as 
having improved. 

The patient continued to vomit greenish fluid, and on Aug. 1.3, 1938, she was 
readmitted. At thi.s time one of us (A. V. P.) was called into consultation. Exam- 
ination revealed that the patient was extremely dehydrated, weak, and unable to 
retain anything in her stomach. The abdomen was distended and tender. The tem- 
perature was 102°. After examining the x-ray plate.s {ffig. 13) that were taken dur- 
ing her previous admission, a diagnosis of acute duo-lenal ob.struction was made, and 
an operation was advised. 

Operative Fini]int;.i . — The stomach was slightly dilated and somewhat edematous. 
The pylorus and the hep:itie flexure of the transverse colon were adherent to the 
anterior parietal peritoneum. A tumor about the size of an orange was found to 
involve the terminal portion of the duodenum. It was hard and rather va.s-cular. 
There were lymphatic enlargements along the me.=entery of the small intestine. Ex- 
ploration of the pelvic organs, large bowel, and elsewhere in the abdomen failed to 
reveal any tumefnetion. A duodenojejunostomy was performed. The patient dieil 
two days later. Unfortunately permission to perform an autopsy could not be 
obtained. 

Comment. .Since the on.sef of lltc jmlienl’s illne.ss the chief com- 
1,0,1 i„,„., (jf grcejjjsjj nniterial. TJie voiniling hecanic 
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lined -11 yeiir.s, ii fanner. Since (5 year.s of ape the patient lias experienced abdominal 
di.stre.s.s elinraeferired hr nausea, nbdoiiiinai pain, and vnmilinf'. The pain vras 
located in the epiftaslrium, was relieved by vomifinp, and was not related to food 
intahe. In 1022 a diapiosis of Ideedinp peptic nicer was made and he received 
medical ion which f;avo him relief. He was then free from symptoms for about 
fifteen years. Tn .Tune, 30.'!S, he had a severe gastric hemorrhage which came on 
suddenly without previous pain or wnrninjj. He was treated medically, about two 
months lieinf; required for complete recovery. In December be bcKan having 
epigastric pain which was often, hut not con.stantly, relieved by vomiting. Pain up- 
on admittaneo was dull, e.vtended nero.«s the hypochondriac region.s, and not related 
in time to eating. "Within the past two weeks he had vomited every day. During 
the past week his stools had been black and associated with marked constipation. The 
vomitus was sometimes almost all liquid, brown or grceni.sh in color, but not “coffee- 
ground” in appearance. The patient was referred to one of u.s (A. P.) with a 

diagnosis of bleeding and perforating gastric ulcer, as substantiated by x-ray 
studios. 

Physieal examination was essentially negative except for some tenderness and 
slight rigidity in the epigastrium. 

Laboratory Testa. — R. B. C., .1,870,000; hemoglobin, C4.9; total protein plasma, 
5.85; urine, negative; fractional meal analy.«is, lowest free HCl, 31 degrees, highest 
75 degrees; ICahn test, negative; stool examination showed occult blood, 1 plu.s. 

X-ray Lxamination . — The following report was given on the x-ray examination 
made upon admittance at !^^crcy Hospital: 

“The fluoroscopic examination made with the radiopaque medium revealed the 
emulsion entering the esophagus freely and dilated it normally. There was no 
evidence of lagging at the cardia. The stomach filled readily with the greater curva- 
ture reaching the level of the crest of the ilium in the median line. Peristaltic func- 
tion was hjqieractive with the waves not closing off accurately to the tip due to 
effects on the lesser and greater curvature of the pylorus at the antrum. The first 
portion of the duodenum showed a diverticulum in the inferior surface, and several 
defects on the superior surface. The second portion of the duodenum showed the 
barium passing through it, without any evidence of peristalsis, in a thin stream. The 
proximal end of the third portion of the duodenum was markedly dilated, and anti- 
peristalsis was very evident. Patient complained of tenderness upon palpation over 


the defects. 

“The five-hour roentgenogram showed some retention of the barium in the 
diverticulum, and the remainder of the barium distributed throughout the colon.” 

Freoperative Diagnosis . — Bleeding and chronic perforation ulcer; chronic duodenal 
obstruction due to an embryonal band fixing the first loop of jejunum; possible 


Findings . — There was a stellate scar on the anterior surface of the 


^ The pyloric end of the stomach and the first part of the duodenum were 
pylorus^^^^^^^^^ together, and apparently a fistulous tract communicated between 
Tim head of the pancreas was slightly enlarged. The first loop of jejunum 


them. 

was 


f d adherent to the transverse mesocolon, and its direction was to the right 
of fte body^ embryonal band was excised, and the first loop of jejunum 

restored r its normal position. 


A partial gastrectomy was performed. 


ithologic I ■ f of a pyloric segment of the stomach measuring 14 cm. in 
Specimen consis s o apparently the anterior surface of the stomach 

b. Peritoneum c oolor. That covering whicli is apparently the posterior 

looth and reddish gray i fibrous adhesions. The mucosa is swollen, reddish 
gt seems roughened by 
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Physical Examination.—Phe head and neck were essentially negative. The ab- 
domen showed hypogastric tenderness and abdominal distention, and was thin, 
wrinkled, and inelastic. There was slight tenderness in the epigastrium. The liver 
edge was palpable. The patient was poorly nourished, emaciated, apathetic, tired, 
lying quietly in bed and appearing rather acutely ill. 

X-ray Examination . — “Fluoroscopic examination of the stomach, by means of 
barium meal, revealed the emulsion passing through the esophagus freely. The 
stomach filled readily with the greater curvature reaching below the crest of the 
ilium, with the patient in the vertical position. The peristaltic function was hyper- 
active. The pylorus closed off accurately to the tip of the antrum. The first and 
second portions of the duodenum revealed a marked dilatation, and at no time did 
any barium pass beyond the second portion of the duodenum due to a stenosis or 
constriction. The roentgenograms taken immediately after confirm the fluoroscopic 
findings [Fig. 1-i]. Five-hour roentgram reveals about 40 per cent of the barium 
in the stomach [Fig. lo], with about 30 per cent of it in the first and second portion 
of the duodenum which is markedly dilated.” 



PiK It — <'(iw -i ItotlKkln's Immediate plate .showing an onlargod duodenum. 


The patient died <m Kept, "i'.i, UlOO, eleten days after admis.'iion. .Vutopsy tyns 
performed by Dr .1 F. Sheeliaii. The following is a brief re-uine of his report- 
.M.-irKeil diltiliition of the stoiiiiieh. fir-.t. •.eeoiid, and third portion.s of the duodenum 
I’ylorus fully h em in dmiiu-ter. imd the duodenum i! to S em. The lymph nodes 
iirouiid the origins of the superior me-enterie nrlert and eobac avis were marfcediv 
enlarged, parl.euli.rly those ,o the right of the aorta. The posterior .aspect (dor.sal) 


r,so 


«t;K(ii:i{Y 


i" •■‘"X'l'nl, and finally con- 
svmnin\ ' '■''^^^‘‘.''^'“toniy failed to relieve these 

ilh ? 1 ^ witli x-ray findings indubitably in- 

: e "’?T r ■'^■■•"•I’ccfod as being the 

a se ot I.e obstnu-t.on imeause of Ibe sudden onset of the symptoms, 

and the absenee ol any ])rcvious history of “gastric distress.”' The pa- 
rent was n, a precarious condition, and a duodenoje.iunostomv was per- 
oz-mod bccau.se it was felt that this was the ozdy pz-ocedui'e' which of- 
tercd any hope of relief. 



Case 5.— Mrs. C. A., aged CO years.* On admission to Mercy Hospital the pa- 
fient complained of intermittent vomiting associated nitli pain in the epigastrium, 
loss of n eight (she had ■weighed 127 pounds about ten months before and at present 
weighed 70 pounds), constipation, nocturnal frequency, and occasional edema. 

The patient stated that she had been well until about one and one-half years 
before admission when she began to have vomiting attacks associated with pain in 
the epigastrium. During the past year she had been under medical treatment; never- 
less the s 3 Tnptoms had become more severe. She had a sick feeling after eating 
During the past few months the condition had been getting much worse, 
ric i 00 considerable weight. At present she vomited after each 

nmal and^'the vomitus was deeply bile stained. .Stools nere chiV colored, 
case is reported through the courtesy of Dr. Gco.-gc D. Gritlin. 
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tmged fluid with no free hydrochloric acid present. A barium meal showed the 
stomach filled normally; it was located to the left extending down to the pelvis; 
the duodenum was distended and filled with barium in its first, second, and third 
positions up to the lumbar spine (Pig. 16). A four-hour plate revealed 60 per cent 
gastric residue with some retention in the duodenum; a six-hour plate revealed 40 
per cent residue; a twenty-four-hour plate revealed the stomach empty. 




-J9-39 



I — .*-ase 6 Ancur>.sm of the abdominal aorta. Immediate plate showing the 

duodenum flilcd with barium up to the spine Xote the displacement of the stomach 
caused hr the pressure of the aneurysm 


A diagnosis was made of a subacute duodenal obstruction due to a pancreatic 
cyst or an abdominal aneurysm. The patient was placed m bed with elevation of 
the foot of the bed, and given six feedings of a bland diet dail.v. Surgery was 
deemed inadvisable due to patient's age. Vomiting stopped, and the patient felt 
improved. Small frequent feedings and bed rest were continued, and the patient 
gained 10 pounds (95 to 105 pounds) in a period of three months. He was kept on 
the infirmary service where he could rest in bed tlie greater part of the day. Vom- 
iting did not recur. 


On Sept. 28, 1939, patient suddenly colIap*-ed and died. The following is a brief 
resume of autopsy findings; The abdominal cavitv contained large amount' of 
blood, in the rctropcntonc.al space and in the mc'enterv Tliere were 2.000 c.c. of 
free blood prc'cnt in. the cavity. The aorta was perforated (3 cm. in diameter) in 
the po'tcrior wall about 8 cm. above the bifurcation The aorta from the superior 
mc'enteric origin to it» bifurcation was markodlv dilated, and formed a sac of about 
the sire of a tml.v ’s head. The wail was very thin, and tl.romhotic m.as.es were 
present in t le «ae. The stomacli and duodeniini were not dilated. 


8 ukoi:ry 


of tlip root of till' im“-i'iiti'ry 1111*1 firmly nilliereni to llip .'iiitorior wnll of the third 
portion of tlio iluoilomim. Proxiniiil to this nron of ndliesions flie duodenum was 
nmrhcdly diluted; distully the hiimll inte'-tine was partly eollapsed. 

Micro'^cnpic Din.onosis’. — Hodshin’s disease, involving the upper ahdominal nodes 
nlong the aorta, and in the root of the mesentery of the .small bowel. Invasion of 
the wall of the third portion of duodenum by tumor from adjacent mesenteric nodes 
with foi Illation of large ulcer in the thiid portion of the duodenum. 


„ - Mr.a!Tkin's disease Five-hour plate shows about 30 per cent of the 

Fig. the duodenum. Anew indicates the sharplj- demarcated duodenum. 



6 Jlr J S aged 81 jears. Duodenal obstruction due to huge aneurysm 
Case . t patient was committed to the Elgin State Hospital in 

tQafaT"cLs.fied’as psjd-o'is '”tli ce.ebral arteriosclerosis. During January, 
IJ 60 au 1 • pd of attack*? of upper abdominal pain and lomiting of bile 

1939, "“siting seemed to occur more frequently aftei meals and was 

stained nuu . epigastric fullness and distress. Examination retealed a tliin 

followed by re le ^ appearing acutely ill. Essential findings were localized 
male 81 years 0 ^ grapefruit sized semifirni mass in the epigastrium 

to the abdomen. gostal margin, but did not appear to be attached to tlie 

which extended to 1 10 but did not appear to be expansile in type. Lab 

liver. Pulsation was pr negatire urinaljsis and blood IVnssermann, 

oratory tests revealed non . creatinine to 1.90 mg. (election 

with an elevation of the rpi,g Enald test meal revealed 400 c.e. of bile- 


11 a“ . ,1 

isiblv due to repeated 
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tinged fluid with no free hjdrochlorie acid present. A barium meal showed the 
stomach filled normally; it was located to the left extending down to the pelvis, 
the duodenum was distended and filled with barium in its first, second, and third 
positions up to the lumbar spine (Fig. 16). A four hour plate revealed CO per cent 
gastric residue with some retention in the duodenum; a six hour plate revealed 40 
per cent residue; a twenty-four hour plate revealed the stomach empty. 



Fie. IS — Case 6 Aneurjsm ot the abdominal aorta Immediate plate showing the 
duodetmm filled with barium up to the spine Note the displacement of the stomach 
caused bj the pressure of the aneurism 

A diagnosis was made of a subacute duodenal obstruction due to a pancreatic 
cyst or an abdominal aneurysm. The patient wa« placed in bed witli elevation of 
the foot of the bed, and given si-v feeding'- of a bland diet dailv. Surgerj was 
deemed inadvasable due to patient's age. Vomiting stopped, and the patient felt 
improved. Small frequent feedings and bed rest were continued, and the patient 
gamed 10 pounds (93 to 103 pounds) in a period of three months. He was kept on 
the infirmarj service where he could re-t m bed the greater part of the dav. Vom 
itmg did not recur. 

On Sept 2S, 1939, patient suddenlv collapsed and died The following is a brief 
of autopsy findings; The abdominal cavitv contained largo amounts of 
blood, in the retroperitoneal space and in the mesenten There were J.noo e.c. of 
free blood prc'cnt in the cavity. The norta was perforated (3 cm. in diamelcr) in 
tho posterior wall about 8 cm. above the bifurcation The aort-i from the superior 
mesenteric origin to its liiturcation was markedU dilated, and formed a sac of about 
the sire of a habv 's head The wall was very thin. ;ind thrombotie mas-es were 
present in the sac. The stomach and duodenum were not dilated. 
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1. 1 lie IcrmiTiolofjy used lo describe tlie various 1yj)cs of duodenal ob- 
struct ions is in a cliaotie slate. AVe .suggest tliat the tenn duodenal ob- 
struction be aj)i)]icd univer.sally rcgardlo.ss of the etiological factor. 

2. Duodenal obstruction has been cla.ssificd according to the etiological 
factoi’s. This classification .should be of material aid toward a more 
coinplctc understanding of the siilyiect: The etiological factors arc di- 
vided into two general groups; (a) those which are basically of con- 
genital origin, and (b) those Avhich arc acquired. 

3. The pathologic anatomy of the duodenum has been thoroughly 
discussed and the ])atliogencsis of arteriomesenteric obstruction, gastro- 
mesenteric ilcu.s, a?id othei' types of duodenal obstruction is ’given. 

4. The diagnosis of duodenal obstruction maj' be easily arrived at in 
some cases, while in others it may not be so obvious. No single symp- 
tom, or combination of .symptoms and physical findings, is pathog- 
nomonic. A thorough knowledge and familiarity of the subject and the 
utilization of this knowledge in the differential diagnosis of all obscure 
upper abdominal diseases arc essential to arrive at a correct diagnosis 
of duodenal obstruction. Careful roentgen studies will confirm the 
diagnosis in practically eveiy case. 

5. Both medical and surgical treatments ai’c discussed. We stress the 
fact that each case demands individual consideration, hledical treat- 
ment for the viseeroptotic tyj)e is given in detail. Criteria for surgical 
indications are given, and the choice of operation is also discussed. 

6. Six eases are reported: (1) typical arteriomesenteric obstruction, 

(2) megaduodenum due to adherent transA'crse colon into the pelvis, 

(3) embryonal band attaching about 3 inches of the jejunum to the 
transverse mesocolon associated with perforation and bleeding ulcers, 

(4) carcinoma of the terminal duodenum, (5) duodenal obstruction by 
extension of glands from Hodgkin’s disease, and (6) duodenal com- 
pression due to pressure from an aneurysm of the abdominal aorta. 
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OBSTKUCTION OV T]IB STOAIACII DUE TO CONGENITAL 
DOUBLE SEl’TULAl WITH CYST FORMATION 


Authuu 1L Mktz, JI.D., Rayjioxd Houseiiolbj:r, M.D., and 
James F. DePree, M.D., CriiCAGO, III. 


C OjMPJjETE ob.sli'uctioii of the stomach due to a congenital double 
septum Avitli mucosal cyst formation is a rare anomaly, whicli is the 
reason lor reporting such a case. A careful search of the medical litera- 
ture in an effort to obtain more information on the siih.iect revealed one 
case of a cyst of the .stomacii causing obstruction at birth. In that case 
tliere muis a lumen tlirougli the stomach which was compressed by the 
distended cyst. A second ease has recently been reported of a con- 
genital prepyloric membranous obstruction in a premature infant. 

It has been estimated that congenital obstruction of the upper in- 
testinal tract occurs once in 20,000 infants. We have been able to find 
only one case reported in the literature of complete obstruction of .the 
stomacli by a septum or cyst formation in the newborn infant that sur- 
vived after operation. 

Touroff and SussmaiP recently reported a case of congenital prepyloric 
membranous obstruction in a premature infant whicli was operated upon 
Sept. 16, 1938, on the fifth day of life, and the patient lived. They 
describe a true mucous membrane septum obstructing the stomach .just 
proximal to the pylorus which was incised radially in several directions, 
after which the incision in the duodenum and stomacli was closed by 
doing a Heineke-iMikulicz pyloroplasty. Touroff and Sussman made a 
survey of literature and were unable to find a report of a similar mucous 
rn'embrane septum obstructing the stomach. 

Our attention was drawn to this 5ub.ject bj" the following case which 
we wish to report ; 


On Aug. 5, 193L n Jewish male infant, weighing eight pounds and three ounce.s, 

was horn at the Washington Boulevard Hospital, Chicago. It was the first child 

of healthy parents and appeared to be perfectly normal. Si.\ hour.s after delivery 

tlie child vomited chocolate-colored mucus and continued to regurgitate mucus and 

lilk ever)" two to four hours for the following three days. On the third day a 

”” 11 movable mass about 5 cm. in diameter was palpated just above the um- 

of an obstruction of the stomach or intestine was made and 
bilious. A diagnosis ui. .. 

immediate operation was advised. 

^ „_Under local anesthesia supplemented by chloroform the abdomen 

Opera ion. ^ upper rectus incision. The mass which had been pal- 

was opened roug cystlike and located in the distal third of tlio 

pated was fount o uvlorus. No other evidence of pathology could be 

stomach extending up to n i. 
seen or palpated in the abdomen. 

— ced for publication. An. 
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A longitudinal incision was made into the gastric mass and about 15 c.c. of 
slightly turbid mucous fluid escaped. By enlarging the incision to about 4 cm. 
in length it nas noted that the cyst occupied the entire lumen of the stomach, 
and that the lining membrane had the gross appearance of normal gastric mucosa. 

A second incision made in the anterior wall of the stomach proximal to the 
cyst shoned tlie lumen of the stomach to be completely occluded by the cyst. An 
eight-inch forceps was then forced from the proximal stomach side of the cyst 
through the septum into the cyst proper and this opening was enlarged by three 
radial incisions until it was 3 cm. in diameter. 

An incision nas then made into the duodenum 3 cm. distal to the pylorus, large 
enough to insert an eight inch forceps. A similar obstruction was found just 
proximal to the pylorus, and through this the forceps nas pushed into the cist. 
This opening into the distal septum was enlarged by thiee radial incisions making 
an opening about 2 cm, in diameter. 



tumor ttiass sbe 011.11151311161.01 
UjKen lufaTxtujas one day old.Oper 
•♦V aied on third d^aficr birth. -'/ 




o, Small stoTnaoKtub? 
passed through ss 
ophaous and st^xt 
into duodenum /or 
post operative feedii^i 

£ Six cm., in diameter, o? t n , x r x j r 

Wall Of cyst obstructs ^ ?/ perforated from 

stom&cK duodenum. stomacK and duodenal side. Ibiouah 

openine^s in. stomach and auodenuin . 


Fig 1 

\ nn“al tulip uliuh hml bppn pu<.se(l into the vtomaeh was non adianced through 
tlie iipemiig-. in the tno wallv of the ej-t into the duodenum. 

Tlie ini f-ions in the stoinaeh ami duodenum were > lo‘-ed nitli tno rows of ■-uturrs 
•ui.l the abdniiiiiml meinon eloped nitliont drainage 

The infant iin« fed thruugli the naial tube for tno da.'i, supplemented b} sub 
eutaneium tbiuK On the third postoperntue da\ the iliild «as put to the breast. 
The „m lu.uud ami three oimees uhieh the infant hml lost during the first three 
d'tjs of life before operation aero regained m the next fourteen dais. Tno aoeks 
afli r opi r.ilion the i hild aas so j,,, suues-fallj sustained a ritualistic 

t'lrrumoivion 

In UMiinlMr. 1 MO, tin* Imv, ^ jenr-- and 2 nnmthh old. tlirrc* foot ‘•K inoho<? 
fill, and tliirtj [mmids was m ov.dlont hoallii. A rooiitrjonolopc 
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cxmniiiiition of liis .stonincli with a barium meal allowed the stoimieh to he normal 
in size and shajie with no evidence of tillinj^ defect. The jiyloru.s was patent and 
aiiiu’nred to bo functioning normally. 

J'nllinlniiic llrport . — The gross appearance of the lining of the cyst was entirely 
similar to that of the lining of the .stomach. Micro.scojiic e.xamination of sections 
taken from the se[>tum between the cyst and the stomach showed normal gastric 
glands on both side.s with smooth nuisclc fibers in between. 

Prom examination of the stomach at the time of operation it was impossible 
to determine the origin of the ey.st. Evidently two .septii dcveloiied in the stomach 
with the creation of a closed cavity in between. With the beginning of gastric 
function the gastric juice in the clo.scd space formed a cyst. 

SmiitAKY 

A ease i.s pi'c.seiilcd of complete coiigeiiilal obstruction of the stomach 
1)Y ;i mucosal cyst in a tiewborn infjint which was snccessfullj’ operated 
upon tlie third day of life. 

Tlie cyst, whieli was gastric in origin, jtrohaltly resulted from the 
formation of two septa in the stomach. 

Microscopic examination of the lining membrane .showed the presence 
of gastric glands. 

The operative technique as described consisted of re-estahlisliing tlie 
lumen through the stomach by perforating the walls of tlie cyst. 

A review of the medical literature sliows tins condition to he very 
rare, and tliis case is reported in order to add to our present small 
knowledge of this subject. 
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SPINAL EXTRADURAL CYSTS 

Pkakk H. JIayfeeld, M.D., Cixces'xatx, Ohio, axd 
Eitsett G. Geaxtham, M.D., LoijIsville, Ky, 

{From Department of Surgery, University of Louisviile Schooi of iledicine, 

LoiiistiUe, Ky.) 

T he PRDIART purpose of this report is to record the ease records 
of tu'o additional spinal extradural cysts, Tliis addition brings the 
total number of proved eases of the malady to 16. The secondary pur- 
pose of the report is to re-emphasize the thesis that the lesion is more 
common than reports thus far ■would indicate and that the lesion can 
simulate the clinical picture of degenerative lesions of the spinal cord, 
especially multiple sclerosis. 

In 1934, Elsberg, Dyke, and Brewei'"' reported 4 cases of spinal extra- 
dural cyst, 3 of wiiich had occurred in their series of 250 tumors of the 
spinal cord. The fourth case had been operated upon by Dr. A. S. 
Taylor. From tlieir study, Elsberg, Dyke, and Brewer presented as 
the cliaracteristie syndrome the following: “The individual is an adoles- 
cent with the history and symptoms of progressive spastic paraplegia. 
Pain Is absent or is not a prominent symptom. The olijective dis- 
turbance of sensibility is slight and the upper level is in the midthoraeie 
region, usually in tlie sixth or seventh tlmracic dermatome.” They also 
noted narrowing and atrophy of the pedicles of the vertebrae in tlie 
iniddorsal region with widening of the interpediculate space. They 
tlieorized that this variety of spinal extradural cy.st was due to a con- 
genital diverticulum of the dura or a herniation of the araclmoid 
through a congenital defect of the dura. 

One year later Lehman' reported 2 cases of s])inal extradural cyst. 
Ills eases showed the clinical feature.s wliich Elsberg, Dyke, and Brerver 
had described as charaeteristie of the syndrome, but. in addition, he 
called attention to x-ray changes in the body of the vertebra, an 
ei)iphysitis, which he considered an additional rca.son for suspecting the 
presence of an extradural cyst. He also emphasized the great variability 
in the clinical findings which these lesions produced as compared ■»rith 
other expaiuling lesions of the spinal eanal. He eoneiuded that the 
eysl.s were a herniation of tlie arachnoid through a congenital defect of 
the dura since in 1 of his case.s there was a neck whicli was patent con- 
necting the ey.si with the dura, Elsberg, Dyke, and Brewer had sug- 
gested that if the hypothc.sls that the cj-st is due to herniation of the 
arachnoid Ihtough a congenital defect of the dnra is correct, cases ini^lit 
he enev nnuered in which the nock of the sne had not been obliterated' ' 


Uw'.’Ufil for July 



590 , 


SUKGERY 


Clowarcl and Bucy-' reported 2 cases and made an extensive study 
of tlie x-ray eiianges presented by ten of tlie spinal extradural cysts. 
They called attention to the fact that the kyphosis seen with .spinal extra- 
dural cysts is identical with that d&scribcd as kyphosis dorsalis juvenilis. 
They concluded that, these bony changes are due to compression and 
occlusion by the cyst of the venous channels draining the vertebral 
bodies. Tliey also believed that the cyst is a diverticulum of both dura 
and arachnoid. The case reported by Cloward u'as unusual in that the 
cyst occurred in an adult, and its location was in the lumbar region. 

Hrixter’s" case was unu.sual in that the cyst was midtiloeular. 

Feet and Kahn'" reported a ease of .spinal extradural cyst in which the 
principal sym])loms were vascular, not unlike those occurring in Ray- 
naud’s disease. In none of the other reported cases were va.seular phe- 
nomena observed, 

Meredith® reported a ease of spinal extradural cyst occurring in the 
cervical region. This is the only ease recorded in the cervical region. 
He believed the cyst resulted from a trauma with a puncture of the dura 
l)y a sliver of bone. 

Recently Kelly," Turnhull,’' and Robertson and riraham" have each 
added an additional case to the literature.** 


CASE REPORTS 

Case 3. — ^M. S., white male, aged 1<> years, wa.s admitted to Norton Memorial 
Infirmary, Louisville, Ky., on Feb. 2S, 1037, because of weakness of the legs. 

The past and family historie.s were irrelevant. 

The present illness started three year.s before when the patient fell and wrenched 
his back badly. He immediately had severe shooting pains down his right leg. Soon 
both legs became numb and weak, and he was unable to walk. He was bedridden 
for several weeks at the time with marked loss of sensation from the inguinal region 
downward. He improved gradually, and, after approximately three months, was able • 
to resume his normal activities. 

One year later while driving a truck he applied the brakes suddenly and felt a 
snapping sensation in his back followed by violent pain which shot down the right 
le^ and to a less degree, down the left leg. He was able to continue driving for a 
short while but when he got out of the truck both legs collapsed under him. Numb- 
ness and tingling were present in both legs. 

Some improvement of strength in his legs occurred, but he had been unable to walk 
•'thout crutches for approximately eighteen months. There had never been incon- 
' of urine or feces. He had suffered no pain for over a year. The weaknes.s 
*'f"both let's had gradually progressed for the four weeks preceding admission. 

° ° J’ e^amimtion showed a sliglitly obese, white male, weighing 220 pounds 

r foov i-n heisht. Both legs were moderately spastic with weakness 
and measuring o reei e 

— ~ » o 1 moinirer'- and Krauss.' sometimes included in the reports of 

♦The eases of j “ Je not considered acceptable as proved cases of the syndrome 
spinal e.xtradural cysts, a 

here discussed. ^ discovered a report by Blum* of a case which was probably a 

Cloward and Bucy 

«**" ported a ;;e‘re”rn'c'iS^cJ“Sli‘'’c"lo^^=.5r’an'S 

BhuldS ^Ir^sonaf communl^iltlon. hut a complete report has never been pub- 
Bucy* through a per. 
lished. 
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more proaounced in the Tight leg. Knee and ankle jerks were markedly exaggerated 
bilaterally. There was a sustained patellar and ankle clonus and a positive Babinski, 
Oppenlieim and Gordon bilaterally. The upper extremities were normal. 

Below the iliac crest there was marked loss of all forms of sensation. Above 
this point to the level of the eighth dorsal segment the sensory loss nas less pro- 
nounced. Above the eighth dorsal segment sensation was normal. 

Spinal puncture yielded clear, colorless fluid. There was a complete subarachnoid 
block to Queckenstedt test. X-rays of the dorsal region showed a rather marked 
kyphosis in the lower dorsal region. The following note was made on the x-ray 
report: “The anterior margins of the dorsal vertebrae are slightly irregular 
undoubtedly indicating that the patient ha*, had an epiphysitis early in life and that 
the picture now present is what is known as jurenile kyphosis dor.sali.s. The pedicles 
of the dorsal vertebrae seem to be normal.’’ 



J * — .Si III ouitic ilrawina siKnMnn the position of tin- cyst o\crl>inp; the tlui.il 
' rpssurc on the c\stic cullj catwil It to empty, anil compu-ssion of the Uitailar 
'cins imnieillately illsiep,>eil t|,c dj«t. i j 

bt;itoi/o( crnminofion showed an incomjdete block at the lower margin of the 
tcnlii dorsal \ertebra. The lipmdol gradually pa-^cd around tins obstruction to 
re form tinderneath the ninth dorsal vertebra. 

Operation. On March S, I’Pii, a laminectomy of the sixtii, setenth, eighth, ninth, 
nn-i feaih dnr-a! lertehme ujik i«irformed ( F. H. M.i. When tlic laiiiimie wore* 
reituneil, a leitso ejsti,. tiiiiss ua.. exposei] whieh was easily freed from (he nnder- 
l.'ing dura (Jig. It. .Vk the i-jhi yyas lieing manipulated it became .softer and 
finally collapsed. All of the ilmd w.thm the cj«t had eM-apd thnmeU the patent 
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podiclc into the ‘mbniacliiioid spnoe. When tlic patient couglicd or nlicn the jugular 
veins verc eoiupio'-^ed the cy"-! refill. This refilling and emptying process 

was demonstrated scvcial times during the operative procedure. A silver clip uas 
applied to the pedicle and the enfiio cyst lifted from the uound. The pedicle was 
attached to the dura near the exit of the ninth spinal nerve on the right side. 

Paiholopic cxaimniitwn showed a cystic mass measuring 111 hy 20 by 00 mm. The 
microscopic study showed the wall to be composed of densCj whitCj fibrous tissue 
similar to that seen in norma! dura. The inner portion of the wall was of more 
loosely constructed conncctirc tissue. A few' ilattened cells similar in appearance 
to the arachnoid were found on the inner wall. 

Po'itnpcrntnc course was uncrentful. At the time of discharge two weeks later, 
the patient could walk without support, and the sensation was normal. Tendon re- 
flexes were still hypei active, but there were no pathologic reflexes. He was given 
a back brace and instuicted to wear it for six months. 

At our request, the patient returned for examination on Oct.’], 1940. He stated 
that he had been emploied at heavy woik since he discontinued the use of the 
back brace and had recentl}- volunteered for military .service. 

Examination at that time levcaled a modciately exaggerated dorsal kyphosis 
and completely normal neurological findings. 


Comment . — This case represents two tinttsual features. The onset of 
symptoms occurred immediately following trauma. After a short 
period of definite spinal cord compression, Ihe patient apparently had 
a complete recovery. A year later, following a second minor trauma, 
tiie signs of spinal cord compression recurred. In no other case of spinal 
extradural cyst has a history of trauma been so closely associated with 
(he onset of symptoms At operation tiie finding of a pedicle, xvhich 
was patent, connecting the cyst and the subarachnoid space afforded 
proof to the theory that the cysts are arachnoidal herniations that may 
empty and fill intermittently. At the time of operation the cyst ivas 
filled completely and during manipulation emptied into the subarachnoid 
space. The remission, a.s related in the history, was probably clue to a 
similar emptying of the cyst. 


o_ c. B, negro male, aged 26 jeais, was admitted to the Louisville City 

Hospital on April 1, P>40, because of weakness of the legs. The only significant 
feature in the past history was that one yeai previous to the onset of his symptoms 
he* fell from a barn, fiacturing his left arm. He could not remember sustaining 
other injuries at the time. 

Twelve vears ago the patient noted that the loft foot “went to sleep” easily. 
' after’ the onset of this tingling sensation the left foot became weak, and ho 
ed to lift it high when walking. Numbness developed in the left leg and 
T^snread upward. Soon both legs were involved. By the end of a year ho 
gradual legs felt numb and dead. 

was una months before any improvomont was noted. Tlien the sensation 

was tour returned, and he vvas soon able to get aioiind with the use of 

is legs gra m ^ episode he had weakness and numbness of the logs 

a cane. remissions. Ho was unable to give accurately the dates 

followed by four o episode of paralysis the recovery was less complete, 

of these remissions. the paralysis had slowly progressed without any 

For the preceding t iree v j^^r ho had been bedfast with very 

semblance of a remission. 


It was 
in his 
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little voluntary inovenient possible in either leg. His ivhole body below the nm- 
bilicus felt numb and dead. For three months he had noted difficulty in voiding 
and was markedly constipated. For two or three months he had noted numbness 
of both hands, and his arms felt clumsy. 

This patient was first examined in this clinic in October, 1939, The findings at this 
time wore (1) spastic paraplegia with bilateral ankle clonus and bilateral Babinski 
responses, (2) diminution in all forms of sensation below the level of the umbilicus, 
(3) marked incoordination of the upper extremities with a bilaterally positiie 
Hoffmann’s sign. In view of the history of remissions and the findings in the 
upper extremities, a presumptive diagnosis of multiple sclerosis was made, but a 
complete investigation was advised, including xrays of the spine and spinal fluid 
examination. He did not return to this clinic, however, until March, 1910, and at 
this time the following positive findings were listed: (1) The voluntary control of 
both lower extremities was markedly reduced. (2) Mass reflexes were easily demon- 
strated in both lower extremities. (3) Tendon reflexes in both leg‘. were hyper 
active. (4) Tliere was bilateral ankle clonus with bilateral Babinski signs. (5) 
Sensory examination showed a well-marked sensorj- loss from below the leiel of the 
tenth dorsal dermatome. All forms of sensation were equally involved. (6) The 
reflex activity of the upper ex'tiemities was hjperactive, but no pathologic reflexes 
were demonstrated. (7) X->ays of the dorsal spine showed marked atrophy of the 
pedicles of the sixth and seventh dorsal vertebrae wuth widening of the inter- 
pedieulate spaces in these two lertebrae. The sixth, seienth, and eighth dorsal 
lertebrae were wedge shaped, cliaraeteiistic of kyphosis dorsalis juienilns. (S) 
Spurn! puncture showed the fluid to be under 50 mm. of water pressure. There were 
no cells and no globulin, and the total piotcin was 270 mg. per cent. 

Operation . — On April 8, 1940, laminectomy of the fifth, sixth, seventh, and eighth 
dorsal vertebrae was performed. The laminae were very thin and atrophic. A cjstic 
tumor with a peculiar bluish discoloration was easilj exposed. The cystic mass was 
separated from the undei lying dural sac. In the process of removal the lower pole 
of the tumor was ruptured and cleai fluid escaped; this had the appearance of 
cerebrospinal fluid. On the lower pole a fibiotis pedunculated attachment to the 
dura was dcmonstiated just to the left of the midline. Repealed efforts were made 
to demonstrate the jintencv of the pedicle; this was never successful Careful inspec 
tion shoved the attachment to be to the spinal dur;i with no attachment to the dura 
of the seventh spinal root. 

I’athotogic Report.— (Dr. A. J. Miller.) Microscopy showed that the entire wall 
was made up of fibrous lonnective tissue which varied somewhat in thickness and 
dcnsitv of the lonnective tissue. In some portions the collagenous fibrils were 
ahiindaiit and dense and hvulinc, in othei pirtions thev were of the same character, 
but fewer and smaller. There was a moderate number of thin walled blood vessels 
siipiilving the tissue. V mesothclial like lining was present. Hero and there through 
out the wall were small foci of infianiniatorv re,action consisting of moderately dense 
deposits of Ivmphocvtcs ai ranged about blood vessels and some old hemosiderin 
deposit. (Fig 2) 

Po'.loprrnliic Course . — At the time of Ins discharge, on April 2S, 1940, all motion 
of the lower extremities hnd returned, but he was still very weak. Complete .sphinc- 
teric control had returned. The spnsorj line at the umbilicus was still present, but 
hjpcsthcsia was less marked than on admission Sustained patellar and ankle clonus 
Was present, but no Babinski was obtained .\bdoiniiiaI reflexes were absent. 

The patient was last seen on Sept. 1.3, 1910, six months after liis discharge from 
the hospital. The strength in hm legs had unproved to the extent that he had been 
< ning farm work for the (irecediiig two months Ills legs were stdl handled with 
a little diniciiltj. The examination showed n tmhl hvpesthe-m below the ili.ac crest. 
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The ubdomiiuil roncxes ^^pal^ly active* The hace aiul aaUle jerks were hyper- 
active. There was an ansustaiaed aakle clonus but no llabiaski. 

Comment . — Points to ho noted in this case are the history of trauma 
antedating tlic onset of symptoms, tlic four distinct remiss'ion.s, and the 
marked, long-standing jiaraplcgia with marked sensory loss which was 
followed by prompt, jiost opera! ire improvement. The pedicle attach- 
ing the cyst to the dural sac, while at the level of the emerging nerve 
root, was nearer the midlinc jmsteriorly than it was to the nerve root 
itself. 



<4 


^ O TDiiotnmiorocraDh of the cyst wall. Note the mesothehal-liKe lining, the 
FiK. - about tl.c blood xessels and old hemosiderin deposits 


DISCUSSION 


The first case demonstrated more accurately than any of the si.xleen 
roved cases the commuiiieation of the cyst with the suharaehnoid 
Such a finding was predicted by Elsberg, Dyke, and Brewer, 
^d^^^tl imht tiiis would he confirmatory evidence of a herniation of the 
who in the dura. Lehman' accepted this theory 

“this ie inSienlcd ll.nl the P"'""*- 

1 1,,. those who discussed the etiology that a eon- 
I, tas been The i-olc of Irniima h. Il.e p.-o- 

genital defee herniation lias received scant attention. Case 1 

duetion of tne ate trauma niav be tlic exciting cause of .symp- 

of this report indicates that 
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toms. It may be assumed, therefore, that even though a congenital 
defect be present, trauma may produce herniation of the ai'aehnoid 
through a congenital dural defect to form an extradural sac. All but 
one of the reported cases had onset of symptoms in adolescence, the 
majority of the patients being between 12 and 16 years of age. 

Case 2 graphically illustrates the danger of dismissing these lesions 
as a degenerative disease. Other ca.ses in the sixteen reported have been 
thought to be atypical multiple selei'osis at some time during the study. 
It is easy to understand why the ease here presented was diagnosed 
as multiple sclerosis. The marked paraplegia with less marked loss in 
sensation and histoiw of four remissions, plus the history of mild in- 
volvement of the upper extremities, might easily cause one to place the 
diagnosis in the category of atypical multiple sclerosis. On reviewing 
the cases reported it is found that remissions have not been an uncom- 
mon occurrence. Poiu' have had spontaneous remissions and three others 
have been secondaiy to hyperextension. Lack of a history of pain, 
as is usual in these cases, plus a history of remissions, is veiy likely to 
mi.slead the examiner into making a diagnosis of nonneopla.stic lesion, 
"We feel that any patient with the onset of pai-aplegia in the adolescent 
period should have x-rays of his dorsal spine and a spinal puncture to 
eliminate the po.ssibility of spinal extradural cyst. 
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A CASE OF SHOCK AND HYPERPYREXIA INDUCED BY 
INTRAVENOUS GLUCOSE INFUSION*^ 

Its Tkeatjiext 

Joseph JIedoff, JI.D., axd S. BurtoxV, M.D., Chicago, III. 

(From the Departmenis of 2Iedicme, Gastro-Intcstinal Research, and llie Samuel 
Dnitsch Scrum Center, Michael Ticcee Hospital) 

A lthough reactions following the inlravenoiis injection of aqueous 
solutions of saline and glucose ai-e not uncommon in hospital prac- 
tice, the mild nature of these reactions seldom requires any therapy 
other than a cessation of the infusion. Fever, chills, vomiting, and 
gastrointestinal disturlianecs are the most frequent manifestations, with 
the fever usually sulisiding spontaneously in four to six hours.^ Such 
conditions, as well as hyperpyrexia aceonpianying heat and sunstroke, 
are not usually considered liy the clinician to he of the nature of shock, 
and are not treated accordingly. Siioek witli hemoconcentration and 
other pathologic clianges accompan.ving therapeutic hyperpyrexia has 
been described.^' ^ 

Recently we Jiave observed a case in which hyperpyrexia (109° F. 
reel ally) developed during an infusion of saline and glucose solutions, 
and was followed by severe shock. The therapeutic effect of some of the 
more commonly accepted drugs, and, of human serum, as agents in the 
treatment of this type of shock was studied by means of repeated labora- 
tory determinations.^’ ■* At first drug therapy alone was employed and 
this period served as a control. This was followed by the institution of 
human serum therap.v, in addition to the supportive measures already 
employed. The very favorable response to the latter form of therapy 
has prompted us to report the following case. 


CASE HISTORY 


W. S. wliite, male, aged G7 years, entered Micliael Reese Hospital on April 13, 
1910 witli a clinical picture of acute sepsis. No definite diagnosis could be e.stab- 
lislied. Sulfonamide therapy seemed to be ineffective. Six weeks after admission, 
a thrombophlebitis of the left leg associated with edema of both lower extremities 
appeared and shortly afterward the fever subsided. He gained over 15 pounds 
in four weeks, and was discharged to a convalescent home in fairly good condition. 

Two weeks later he again began to show evidence of sepsis with daily fever 
of 101 to 103° F-jt rea'la’itted to the hospital. He appeared acutely ill 

La showed e-i-idenee of recent weight loss. Tlie clinical impression supported by 
evidence was that of chronic fibroid apical tuberculosis (inactive) and a 
Lobable subsiding bronchopneumonia. Daily temperatures of 101° F. were re- 
^ I 1 Sulfapvridine, sulfathiazole, and blood transfusions did not improve his 
LLuion He appeared more toxic and the pulmonary findings were more extensive. 


■TUred by the Rosetta Josephson Fund. 

t Ml temperatures taken vectallj^ 

Lceived for publication, Aue. 1., 1341 . 
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On Sept. 23, 1940, iho pitticnt showed marked dchydratw}! (temperatiiro 104° 
r.; pulse, ISO; respiruHons, 22), nnd therefore was piven an infr.-ivenous infusion 
of S per cent gJacosc in normal .sjilino solution. After about 100 e.c. of the solu- 
tion had been adminislered, he suddenly developed a severe chill accompanied by 
cyanosis, tachycardia, nnd sIiuIIoh- rapid respiration (temperature, 103° T.; pulse, 
130; respirations, 30). llis blood prc.ssuro fell to SO/50. The infusion vas dis- 
continued, and 1 e.c. of 1:1,000 adrenalin hydrochloride nns {riven intravenously. 
At 3:30 P.5I. the patient was perspiring profusely, incontinent, and vomiting coffee- 
brown material (temperature, 100'° F.; pulse, 1.34; respirations, .30). Ho was 
placed in a cold pach, but his temjmrature continued to rise to 109° F., the pulse 
was imperceptible, and the blood pre.ssurc was 50/30 at 4:00 I’.M. At 4:30 P.5f. 
his temperature was 10S° F., pulse imperoeptiblc, rc.spirntion rapid and shallow, 
blood pressure 40/?. The hemafoerit reading of 02 indieated honioeonecntration. 
O.vygen nnd external heat were administered and the foot of the bed elevated. 
Repented intramuscular nnd intravenous in,iections of 15 to 20 mg. of paredrine had 
no appreciable effect on blood pressure. After drug therap.v and supportive meas- 
ures had been employed without effect, 500 e.c. human serum was administered 
intravenously at 11:00 r.jt. Blood pressure rose to 50/40 and temperature dropped 
to 104° F. ; a hematocrit of 4S indicated that hemoconcentration had been over- 
come (11:30 P.M.). Another intravenous infusion of 900 c.e. of serum with 1,000 
e.c. of glueose-saline .solution was administered during tlio night. 



w3/m 4M. fxm mom m ?am, sm. s-is un. 


— flcaphic presentation of blood pressure, rectal temper.ature, hematocrit, 
proteins. The arrows indicate intravenous infusions. The first infusion 
° Bluco.se in pliysiolosic salt solution was followed by hyperpyrexia 

outnin m indirated by low blood pressure (di.astolic pressure could not be 

hematocrit (i.c., Ijemoconcentr.ation). Supportive measures were 
'u'” recorded in the body of tlie paper. Normal liuman serum with 
nnysmlopic salt solution intravenously with supportive therapy were 
^ loilowcd by return of blood pressure and norm.al blood eoncentr.ation. 

plasma and total plasma proteins were determined by a modified 
Barbour and Hamilton falling-drop method. 


On the following day, Sept. 24, 1940, at 9:00 A.M., blood pre.ssure had again 
t topped to 40/?, temperature was 101° F., and liemoeoncentration had reappeared 
(57 hematocrit and increased plasma protein level). The patient was stuporous and 
presented the picture of grave shock. At 4:30 to 5:00 P.xt,, an infusion of 500 
c.e. of serum with 500 e.c. glucose-saline solution raised the blood pressure to 80/63, 
and diminished hemoconcentration appreciably (hematocrit, 54). During the night 
another intravenous infusion of 500 e.c. of serum and 200 c.e. of glucose-saline 
solution was administered. 

(temperature, 99° F,; pul.se, IIS; respirations, 
-D, cinicnl evidence of slmck wa.s no longer present; blood pressure was 98/72 
an ator on rose to 104/70; hematocrit readings were normal (45) ; plasma pro- 




A CASB OP SHOCK AND HYPERPYREXIA INDUCED BY 
INTRAVENOUS GLUCOSE INFUSION” 

Its TREATi[ENT 


Joseph JEedoff, jM.D., and S. Btoton, IM.D., Chicago, III. 

(From Iho Dcpartmmts of Medicine, Gaxiro-Intestinal Research, and ihe Samuel 
Drulxch Scrum Center, Michael Scese Hospital) 

A lthough reactions followang the intravenous injection of aqueous 
solutions of saline and glucose are not uncommon in liospital prac- 
tice, the mild nature of these reactions seldom requires any therapy 
other than a cessation of the infusion. Fever, chills, vomiting, and 
gastrointestinal disturbances arc the most frequent manifestations, with 
the fever usually subsiding .spontaneously in four to six hours.^ Such 
conditions, as well as hyperpyi-cxia accompanying heat and sunstroke, 
are not usually considered by the clinician to be of the nature of shock, 
and are not treated accordingly. Shock witli hemoeoncentration and 
other pathologic changes accompanying therapeutic hyperpyrexia has 
been described.”’ ” 

Recently we have observed a case in wliieh hyperpyrexia (109° F. 
reclally) developed during an infusion of saline and glucose solutions, 
and was followed by severe shock. The therapeutic effect of some of the 
more commonly accepted drugs, and, of lunnan serum, as agents in the 
treatment of this type of shock was studied by means of repeated labora- 
tory determinations.”’ •• At first drug therapy alone was employed and 
this period served as a control. This was followed by the institution of 
human serum therapy, in addition to the supportive measures already 
employed. The very favorable response to the latter form of therapy 
has prompted us to report the following case. 


CASE history 

■\V S wliite, mule, aged C7 years, entered Jlichacl Reese Hospital on April 1.3, 
1910 with a clinical picture of acute sepsis. No definite diagnosis could be estab- 
lished. Sulfonamide therapy seemed to be ineffective. Six weeks after admission, 
a thrombophlebitis of the left leg associated with edema of both lower extremities 
eared and shortly afterward the fever subsided. He gained over 15 pounds 
four weeks, and was discharged to a convalescent home in fairly good condition. 
™ T weeks' later he again began to show evidence of sepsis with daily fever 

101° N,! and was readmitted to the hospital. He appealed acutely ill 
” 1 evidence of recent weight loss. The clinical impiession supported by 
and showee chronic fibroid apical tuberculosis (inactive) and a 

x-ray evi ^ PrMchopneumouia. Daily temperatures of 10-1° F. were re- 
probable su » ^ oulfathiazole, and blood transfusions did not improve hi.s 

corded. Sulfapjri i , .j, joxic and the pulmonary findings were more extensive, 

condition- He appearcu 
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was without avail. The intravenous administration of normal human 
serum, in addition to the instituted therapy, brought tlig patient out of 
shock and restored normal circulation. 

Hyperpyrexia is usually not recognized by clinicians as a possible 
cause of shock and therefore is not treated as such. 

Our experience demonstrates that shock following infusion reactions 
may be veiy severe and that therap.v has to follow the same principles 
as applied for other causes of .shock, in which hemoconeentration, 
diminished blood volume, reduced volume flow, and low blood pressure 
are prominent features. 

It is evident that restoration of normal circulating volume is impera- 
tive, and that only such fluids as serum or jilasma, which will stay in 
the circulation, should lie employed. 

Adequate fluid therapy and clinical progress can best be controlled 
and maintained by blood studie.s. 

W’’e wish to acknowledge the advice and help of Dr, H. N'ccheles and Dr. S. O. 
Levinson. 
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teins ^^OlP <.,i Gill, per cent. Tlio patient was now monfally alert and re.'iponded 
to all cpiostions. O.xygcn therapy wa.s discontinued. The patient continued to he 
fairly well until on Sept. 29, !19d0, when the pneumonic process extended. From 
then on the course was steadily downhill and he died on Oct. .3, 1940. 

Necropsy findings were as follows: bilateral focal and confluent bronchopneu- 
monia and chronic fibroindurativc tuberculosis of the lung, involving the left apex; 
•a moderate degree of bronchiectasis. A primary, ulcerative squamous-cell car- 
cinoma of the lower jiortion of the esophagus with metastasis to the periesophageal 
and periaortic lymph nodes was an unsuspected finding. Although the entire wall 
of the esophagus was involved, the carcinoma was nonobstructive and it did not 
invade the mediastinum. Tlio cause of the obscure fever was most likely due to 
the carcinoma and the lymph-node metastases. Death was due to inanition and 
a terminal bronchopneumonia. 

D1SCUS.SION AND CONCLUSIONS 

All infusion reaction in a debilitated patient resulted in an unusually 
severe li,ypez'}) 3 ’rexia, tvliicli was follotved by profound shock. The 
manifestations of shock were an initial high hematocrit reading of 62 
indicating hemoeoneentration, two and one-half hours after the onset of 
the reaction; plasma proteins of T-.S Gm. per cent; and a blood pressure 
of 40/?. The initial immediate treatment consisted solel.v of accepted 
supportive measures which did not appreciabh^ affect tiie clinical status 
of the patient. Eight and one-half houi’s after the onset of h.vperpjTexia 
and shock, normal human serum was given intravenously, and after 500 
c.c. had been administered the hematocrit level had fallen to 48. The 
plasma proteins ivere 7.4 Gm. per cent, and tlie blood pressure was 
56/40. Although nine and one-half hours later the blood pressure had 
fallen again, persistent intravenous therapy with serum supplemented 
by fluids (obtained fi'om a different source than that Avhich incited the 
I'eaction) resulted in steady improvement, until all evidence of shock 
had disappeared, the hematocrit being 45, the plasma proteins 7.3 Gm. 
per cent, and the blood pressure 98/72. 

The treatment of shock in which hemoeoneentration, diminished circu- 
latin'’' blood volume, and reduced volume flow are prominent factors'* has 
been'shoAvn both experimentally and clinicallj- to be best controlled by 
the restoration of the fluid balance Avith fluids which will remain in the 
circulation for the greatest length of time. Normal serum and plasma 
best meet these requirements.'’ * The importance of controlling fluid 
therapy has been stressed.-*’ = The recovery of this severely debilitated 
\’ent from shock accompanying h.vpcrp.yrexia indicates the value of 
T ^ serum in the therapy of this type of shock and the distinct ad- 
, "ta^e of folloAving the course and therapy with laboratory proce- 

SUMMARY 

infusion of saline-glucose solution ivas folloAVcd by 

An intravenous cpvere shock. The usual supportive thcnipy 

extreme hyperpyrexia and 
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PROCEDURE 

Ambulatory patients were required to rest fifteen minutes prior to 
tlie experiment. The mouthpiece of the usual basal metabolism ap- 
paratus was inserted into the patient’s mouth. In some eases, a tight- 
fitting surgical anesthetic mask was utilized instead of the mouthpiece. 
The rate and depth of respiration were recorded on a revolving drum 
in the same manner as a basal metabolism tracing. The blood pressure 
and pulse rate were recorded prior to the injection and at intervals of 
two minutes and ten minutes after the injection. The depth of respira- 
tion was measured in centimeters of needle excursion on the kjanograph 
and the figures obtained transposed into culiic centimeters for volume 
of air inspired. The dosage of drugs administered was 0,48 Gm. 
aminophylline intravenously in one series of experiments, and 2 c.e. 
eoramine intravenously in another series of experiments. Injections of 
noi'inal saline solution were administered in a third control series. 



A. E. #21 - 672290 
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Fig. 1. Respiratory tracing illustrating the effect of the intra\enous atlministration of 

aminophyUine. 


RESULTS 

Twenty-two patients with no evidence of pulmonarj’- involvement 
and three patients with po.stoperative atelectasis were given aminophyl- 
line. Of the twenty-two normal ca.se.s, there was a maximum immediate 
morease in rate averaging 26 per cent and an immediate increase of 
-leplh of respiration avei-aging 51 per cent. All cases .showed an in- 
erca.so m the rale or deplli or both occurring during the injections or 



THE EFFECT OF INTRAVENOUS THEOPHYLLINE WITH 
ETHYLENE DIAJ\IINE ( AMINOPHYLLINE ) ® UPON 
THE RATE AND DEPTH OP RESPIRATION 

Clinical Study 

Louis Sperling, M.D., Sydney Weisman, M.D., and 
Ralph Papermaster, JLD., SIinneapolis, ]\Iinn. 

(From ihe Department of Surgery, University of Minnesota) 


A SKANAZY reiiortecl in 1895 the use of caffeine and theobromine 
w salts in tlic treatment of cardiac dj'spnea. Since then, numerous 
investigators have studied the reaction of these drugs both in patients 
and in the experimental animal. Favorable results are reported by 
the majority of observers in the administration of these drugs for car- 
diac failure and cai’diac pain. 

Greene and co-workers have shown that the fai’orable influence of 
the intravenous administration of theophylline with ethylene diamine 
upon dyspnea is related to a fall of venous and intrathecal pressures. 
The arterial pressure does not seem to be affected. This would suggest 
a central action of the drug. 

Smith and Sauls demonstrated an increase in skin temperature of the 
extremities for a period of three hours following intravenous adminis- 
tration of the drug. 

Binger advocates its use in intravenous dextrose solution to increase 
diuresis and improve renal function. He states that there is less reac- 
tion to the intravenous administration of fluids when aminophylline is 
added to the solution. 

Impressed by the deep and regular respiration induced by the intra- 
venous administration to patients with Cheyne-Stokes respirations, it 
occurred to one of us (L. S.) that it might be worth while to administer 
the drug to patients during the immediate postoperative period to en- 
courao-e” increased diaphragmatic excursion and greater pulmonary 
ventilation as a prophylactic measure against postoperative atelectasis 


and subsequent pueimioma. r . . t i 

As far as we can determine, there have been no cbreet studies made 
the effect of aminophylline on the rate and depth of respiration in 
nor of its use postoperatively to increase pulmonary aeration in 
p-fVnrt to prevent atelectasis. 

^ • tndv was carried out upon patients in surgical wards of the 

iliis s they -were awaiting operation and during 

postopeotive com-pkaccnca. 

— — Jnnnhvllme were suppliea by G. D. Scarle & Co 
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positioninCt in surgery of the extremities 


L. N. Cozen, M.I).,^ Los Angeles, Calif. 

(Ftoin ihe Department of Orthopedic Surgery, College of Medical JErangelirts) 

S URGICAL opeiations of the extremities are often more difficult than 
those of the abdomen. The pi-incipal cause of this increased diffi- 
culty is the relative inaccessibility of the incision on the extremity. Thus 
incisions on the mesial, lateral, and posterior surfaces of the arm or leg 
are not as easy to expose as the more infrequent anterior incisions. 

Of distinct aid in operating is to lilt the patient in order to place the 
area for incision on a horizontal plane facing the ceiling. It may seem 
trite to speak of placing sandbags under the hip or shoulder, but such 
simple procedures are still frequently neglected, while the orthopedic 
surgeon sweats and strains. 



Fig. 1, — Position for lotver leg amputations. 

In operations of the tarsal region, such as in triple arthrodeses, facility 
will be increased by flexion of the patient’s hip and knee in addition to 
lotating the hip joint externally or internally as the ease may be. 

Operations on the posterior aspect of the leg should be done with the 
patient prone on the table. 

The force of gravity should be used whenever practical. This becomes 
^ exploring the various joints of the body. It is common 

•Slnjor, .Mrdicnl Corp-j. p, SAP 
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immediately aftei'vvard. In one case, the increase in rate persisted for 
more than thii'ty-five minutes. TJiere were no significant changes of 
the pulse rate. None of the patients complained of any subjective ill 
effects. 

Corainine in doses of 1.5 and 2 c.c. intrav'enously was given in eight 
cases. There was comparatiAmly slight increase of rate and depth of 
respiration and no significant action upon the blood pressure and pulse 
in any of the patients without cAddenee of respiratory or cardiac de- 
pression ; i.e., normal patients. 

Three patients given saline solution intravenously in a control ex- 
periment shoAved no significant changes in rate or depth of respiration. 

In the three cases of atelectasis which Avere .studied, the administra- 
tion of 0.48 Gm. of aminophylline intraA'enously at four-hour interAmls 
Avas folloAved by the disappearance of the rhonchi and the symptoms 
incident to the bronchial obstruction. It must be stated, hoAveA'^er, that 
other measures sirch as encouraging the cough reflex, steam inhalation, 
and postural drainage Avere also emplojmd. 

Aminophylline Avas given routinely at the UniA'ersity Hospital to 
sixty-nine cases of abdominal operation and in private practice to over 
100 similar cases. Only three developed respiratory complications. 
This series is much too small to permit any conclusions. We hope to 
be able to report a larger series in the future. 


SUMMARY 


Intravenous administration of theophylline Avith ethylene diamine 
(aminophylline) increases the rate of respiration 26 per cent and pro- 
duces an increase in depth of re.spiration approximately 51 per cent, 
AAdien administered to normal indiAuduals. There is comparatively a 
similar effect, but to a much smaller degree, Avhen 2 c.c. of coramine is 
administered. 

In AUCAV of these observations and favorable clinical impressions 
aminophylline in doses of 0.48 Gm. two or three times daily given in 
intraA^enous solution is recommended as a prophylactic measure for 
the prevention of postoperative respiratory complications. The pro- 
cedm-e seems to have merit and Avarrants further investigation and 

clinical trial. 
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POLYOSTOTIC FIBROUS DYSPLASIA 
Edgak H. White, ]\I.D., Cinxin-nati, Ohio 

(From the Cincinnati General Eospital) 

S EVERAL recent ease reports have called attention to multiple cystic 
hone lesions which do not fit into the usual classifications of hone 
disease and whose recognition as a definite clinical entity is now ac- 
cepted. X-ray study of cystic hone lesions has led to numerous classi- 
fications, which, while helpful, ai'e based on unsatisfactory and incom- 
plete clinical and lalioratory evidence in some instances. 

The term cystic in this discussion is used to describe a circumscribed 
area of decrease in normal hone density in the roentgenogram, remem- 
bering that it is not easy to differentiate by x-ray between a true cyst 
filled with fluid and a circumscribed defect of bone filled with fibrous 
and osteoid tissue. If it can be generally appreciated that there exists 
a group of eases which may resemble, but whose etiology is in no man- 
ner related to, hyperparathyroidism, needless surgery may be avoided. 

Jaffe in his very comprehensive and excellent treatise on hyperpara- 
thyroidism in 1933 in commenting on the cases of Hirseh, Willich, 
Bradfield, and Telford stated; “My impression is that these conditions 
are neither Recklinghausen’s nor Paget’s disease and that they consti- 
tute a still unidentified entity. I strongly suspect that they have a con- 
genital basis.” 

In 1934 Freund reported the case of a girl T years of age who suf- 
fered a fracture of the right femur through cystic areas. This was 
followed by varus deformity and shortening. X-rays demonstrated typ- 
ical multiple bone involvement witli characteristic roentgenograms. De- 
spite normal blood calcium and phosphorous levels, neck exploration 
was performed with negative results. This author arrived at several 
conclusions: (1) The lesion -was primary in the diaphysis and not in 
the epiphysis or epiphyseal plate as in Ollier’s disease. (2) The local- 
ized and generalized forms of osteitis fibrosa are sepai’ate entities. He 
discusses the possibility of aberrant embryonic tissue as the underlying 
etiological factor. (3) He pointed out again, as had Jaffe, that osteitis 
fibrosa was a nonspecific response to %'arying stimuli and that the dui’a- 
tion, locations of lesions, and x-rays were the important factors in estab- 
lishing the diagnosis. 

Again in 1936 Meffert and Fi'cund, discussing nongeneralized fibrous 
osteodystrophy, described three cases which revealed characteristic osteo- 
])orotic changes limited to monomolie rather than unilateral distribu- 
tion. Blood cliemi.sfry in all eases was normal, and byi)erostotie changes 
oeeuri'od only at site of fractures. 

Rccclvoil for public.’xtion. June S. 1941. 
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practice to allow the exposed knee joint to hang over the edge of the 
table, thus separating the joint surfaces. How often, however, is the 
same principle applied to the shoulder joint by placing the patient in a 
sitting position for operation? In this position the weight of the arm 
separates the shoulder joint surfaces. An added advantage of this posi- 
tion is the operator’s ability to introduce instruments without the ob- 
structing table to hamper him. 

Surgical amputations are made easier by proper positioning of the 
patient. 

For lower leg (tibial) amputations, the patient should lie pione on the 
table. With the posterior surface of his leg exposed, the important pos- 
terior tibial artei’v and nei've may be found and ligated. For the an- 
terior portion of the incision and in order to ligate the anterior tibial 
artery and nerve, the surgeon flexes the knee. When a lower leg ampu- 
tation is done with the jiatient supine, o])crating on the posterior portion 
of the leg becomes a gymnastic feat. 



rig. 2 — Position Tor thigh amputations 

For thigh (supracondylar) amputations, the patient should lie on his 
sound side; thus, the important popliteal artery vein and common 
nopliteal nerve face the operator. With the heel of the diseased leg rest- 
ino- on the table the hip joint can be rotated to expose anterior and mesial 

portions of the thigh. 

^ SUMJIAKY 

A freciuently neglected measure in operations of the e.xtiemities is to 

1 the patient in the correct position on the operating table. The cor- 

„ fnv each operation is that postuz-e that rendei's the operative 
rect position loi uaun 

”oa„d most accessible to the opevator. 
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There «as only twenty degrees of motion at the knee ■^^l^ieh the patient attributed 
to his umvillingness to flex this joint because of pain at the site of trophic ulcers 
over the tibial crest uhich had been present since 1937. Fig, 1 reveals tuo cafe-au- 
lait areas of pigmentation over the right flank posteriorly and over the dorsal spine 
3ust to the left of the midlme. 



Pis ^ isT'^ater trochanter site of surgerv in 1903 Other incisions due 

to knee arthrodesis and biopsies Notice the large superficial tumor in the region of 
the right posterior superior iliac spine Areas of pigmentation along the left 
paravertebral and right chest wall are clearly visible Pigmentation about right ankle 
due to vascular disturbance® 
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CA 
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mg. 

12/14/40 

r.o 

mg. 

12/13/40 
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mg. 

12/23/40 

90 

mg. 

2/12/41 

10.8 

mg. 

2/14/41 

11.2 

mg. 


P 

phosphatase 

3 2 mg. 

4.6 Bodanskj’ units 

3.2 mg. 

5.6 Bodansky units 

3.2 mg. 

4.4 Bodansky units 

2.7 mg. 

5.S Bodansky units 

2 5 mg. 

6.5 Bodansky units 


«.aiui lest, negative 
CO. combining power, 51 volumes 7c 
urea 12 me, % 
p.N., 22 mg^% 

Serum protein, 5 2% 

Scrum albumin, 2 3% 

Serum globulin, 2 9% 
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Albright and associates in 1937 described a syndrome in children 
characterized by skin pigmentation, precocious sexual development in 
the females, disseminated osteitis fibrosa cystica, normal blood chemis- 
try, and no evidence of parathyroid adenomas. While the reported cases 
since this paper have been chiefly male adults, there lias been no history 
of sexual precocity. I have examined Campbell’s ease of a young adult, 
and it appears probable that adequate follow-up of children and young 
adults will reveal a status approximating the more reeently described 
adult cases. 

To Lichtenstein in his classical paper in 1938 must be given credit for 
the name which is simple and from both x-ray and microscopic view- 
points accurate, polyostotic fibrous dysplasia. His excellent review and 
series of eight cases leave little doubt that there are individuals who in 
the past have been diagnosed as having hyperparathyroidism and Ol- 
lier’s disease who belong to this entity. 

In 1939 Horowitz and Cantarow described a male with a nine-year 
follow-up who showed increasing deformity of both femora. X-rays 
and biopsy were characteristic. 

jMoehlig and Schreiber in 1940 described' a 16-year-old boy with a 
mass in the right occipital region. The right femur, ilium, tibia, and 
flbula as well as the skull were involved. Interestingly enough, there 
were changes in secondary sex characteristics, puerile breasts and fem- 
inine voice being notable. 


CASE REPORT 


A white male, 57 years of age, entered the Cincinnati General Hospital on Pec. 
11 1939, because of pain, swelling, and disability of tlie right knee. He gave a his- 
tory of having fallen in 1903, suffering a fractui'e of tlie right femur in the upper 
third. An immediate open reduction was done and a “wedge” of bone resected for 
correction of existing deformity. An uneventful convalescence followed, but upon 
beginning weight-bearing he noticed that there was considerable lateral bowing of 

his thigh. 

In 1923 he began to observe soft, painless masses in the upper two-thirds of the 
right thigh and around the right hip laterally and posteriorly. At this period they 
were fluctuant and could be moved under the sldn; later they became firm, “like a 
• bber ball ” and fixed. During the past five years many other such tumors have 
ared' and for the past ten to fifteen years there has been a progressive lateral 
of the right thigh and sliortening of the extremity. Since 1928 he has Jiad 
of increasing severity in the right knee, but he managed to continue to work 
until five days before this hospital admission. 

_ ..,„;nation revealed the right thigh to be approximately 25 per cent larger 
r t ft with marked lateral and anterior bowing of the femur as seen in 
1- There was shortening of 7 cm. of the right lower extremity, limited 

entirely to the fe of t],e thigh was due to numerous discrete, non- 

The increase m consistency, extending from the level of the knee 

tender, movable masses . i.-inj, both buttocks and paravertebral regions at 
the crest of the ibum, iniui' f, ^ ^ ^ ^,,,0 


to 


, pi Thwe' varied in size from 1 by 1 cm. to 8 by 10 cm. Thr 

the lumbar leNCl. „,ovable, and none were fixed to the skin, 

larger were fluctuant, a " 
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3. Pain. — Liehtenstem and others believe that pain is common, espe- 
cially in the hip. This appears to be reasonable upon consideration of 
the marked femoral deformities with alterations in the femoral head 
and development of secondary acetabular arthritis demonstrable on the 
x-rays of this and other reported cases. Disregarding that pain, which 
can be explained on the basis of joint derangement and arthritis, a pos- 
sible explanation may be found in the dull ache experienced by patients 
with Paget’s disease. Cortical expansion is common to both, and the 
pain likewise may be of periosteal origin. 

4. Bcformities. — With a material reduction of cancellous lione and 
particularly in those instances where medullary bone is completely re- 
placed by fibrous tissue throughout the diaphysis, deformities of bones 
of the lower extremities are to be expected. Since a small amount of 
cortex is sufficient to pi'event changes in tlie small bones, gross malforma- 
tions are encountered in the long bones and particularly the femur. 
Lateral and anterior bowing of the femur, coxa vara, genu valgtim, and 
pos valgus are most often encountered. Any alteration in shape is 
secondary to stress and weight placed upon abnormal bone and is not an 
intrinsic part of the disease as seen in Ollier’s disease where disturb- 
ances in epiphyseal plate development result in growth abnormalities. 
Sliortening of the lower extremity may be extreme, although Freund 
and others have reported an increase in lengtli of the involved leg. 

5. Fractures . — While there was adequate trauma in this case and in 
other reports to explain the fractures of the femoral shaft, it is to be 
expected that pathologic fractures would be prevalent. It is remarkable 
that not more have been encountered in this case after consideration of 
the x-rays. While there are no reports of fractures in bones other than 
the femur, there seems to be no tendency to nonunion. 

6. Sexual Changes. — Sexual precocity was an early and invariable 
manifestation in Alliright’s eases and in all other reports to which he 
refers except that of Campbell’s. Freund's patients, who were at 
puberty or older, did not display similar changes, and there is no men- 
tion of precocious sexual development in recent years in the literature 
with the exce]ition of Mochlig and Schreiber's report of a young male 
who liad feminine breasts, puerile voice, absence of beai'd and axillar.v 
hair, and i'eminine distribution of ])ubio hair. IMarked thickening of all 
the bones of the base of the skull is present in this ease without altera- 
tion in ])rimary or secondary sex characteristics. 

7. Suhcufanrou.s Tumors . — Tiial this was a case of extreme severity 
with advanced lesions was evidenced by the in'c.sencc of numerous masses 
of varying size lying in the svibcutaneous tissues of the right thigh, 
lateral aspect of the right hip. both buttocks, and over the sacrum and 
lumbar spine. These tumors varied from 1 by 1 cm., to 8 by 30 cm in 
size. They were firm, well encapsulated, freely movable, nontender, and 
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Over n six-da 3 ' test period this patient was in slight negative calcium balance. 

X-raj’s showed involvement of all hones of the right half of the hod}-, the right 
foot, upper and lower leg, entire right half of the pelvis, hand, arm and forearm, 
skull and mandihle being implicated. Other than lesions in the left ilium, left 
hand, left half of the mandihle, and base of the skull, the left half of the body 
was uninvolved. 

On Feb. 17, 1940, hiop.sy was performed with removal in toto of a 3 by 2 cm. 
sized cyst from the anterolateral aspect of the right lower thigh. Upon incising 
the fascia lata it was obvious that there was complete alteration of the normal 
muscle, fascial and areolar tissue. There was almost complete replacement of 
muscle bellies by lobular masses of varying sizes with total disorganization of 
the normal fascial planes. The cyst was easily shelled out by blunt dissection 
during which there was a conspicuous absence of bleeding. 

Pathologic report on the cyst wall stated that it consisted of hbrous tissue 
with a small amount of elastic tissue interspersed. The contents were described 
as gelatinou.s, mucoid, transparent, yellowish material with no e%-idence of cellular 
inclusion. The final opinion was that there was a close resemblance to a ganglion. 

High thigh amputation was requested by the patient, but because of the tech- 
nical difScuIties of the fitting of a prosthesis, iiip .disarticulation or knee fusion 
was all that could be considered. On April 16, 1940, a Hibbs’ arthrodesis of the 
right knee was done despite the prediction that little hope for bon}- union was 
entertained after consideration of the reduced amount of cortical bone. To date 
there has been no clinical or x-ray evidence of osseous union. 

A second biopsy was done on Aug. 3, 1940, at which time two additional soft tissue 
tumors 3 by 4.5 cm. were shelled out and a piece of cortical and medullary bone 
from the midportion of the femur obtained. The femoral shaft was found to be con- 
siderably enlarged and uniformly irregular. There was no evidence of cortical bone 
defects, but the cortex could be penetrated easily by a blunt instrument. Inspec- 
tion of the medullary cavity revealed that there was complete replacement of normal 
cancellous bone by cystic masses of varying sizes resembling those encountered in 
the thigh. Small amounts of granular material were palpated which were probably 
the remnants of the bone trabeculae. Throughout the procedure, little or no bleed- 
ing was encountered. The microscopic diagnosis from a competent pathologist was 
an aberrant form of hyperparathy-roidisra. 


CLIXIC.VL FEATURES 

1. Age of Onset . — As in the above case, tlie physician frequently is 
consulted because of mechanical difficulties when the patient is middle- 
ao-ed or older. Severe cases in children are exceptions. The onset of the 
le°sions before the age of 10 years followed by a long, protracted, benign 
course which extends over years is characteristic. 

2 Skin Pigmentation . — lYhile there tvas no evidence of skin pigmen- 
tation reported in any of Lichtenstein’s eight cases, Albright placed 
‘articular emphasis upon tliis feature, believing it to he a cardim-d 
^ - 1 si'^n Goldhamer also mentions an increase in the melanin con- 

clinica si^^ -While there is a .suggestion of peripheral nerve dis- 

!• the rio-ht eliest wall of this ca.se, the vertical i)aravcrlebra) 

tnbution disclaims any neurological i-elationship. Tlie 

location suggest the type of .skin lugmcnta- 

frstntn.«vo«broma.osh. 
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The diaphysis is eliaracteristiealiy widened, and with severe involve- 
ment such increase may be great. These changes are understandable 
after consideration of the atrophj* and thinning of the cortical bone. 
X-rays of bones in vdiich fractures have occurred reveal adequate callus 
of periosteal origin with evidence of periosteal new bone being present 
without exception. There is no evidence of interruption of continuity 
of the cortical bone. 

The areas of rarefaction are of varying size, and in many instances 
possess indefinite outlines coalescing in such a manner that a large sec- 
tion of the lione appears to lie geneimlly decalcified. Trabeculation is 
not a prominent feature, but occasionally thin, delicate trabeculae are 
noted. These thin, indefinite trabeeulations bear little resemblance to 
those seen in giant-cell tumor or localized osteitis fibrosis cystica. 



Pig. 2 Cortical bone is atrophic but without a break in continuity. Notice the 
tremendous thickening of tte periosteum with marked Increase m connective tissue 
oierlsmg the periosteum. Endosteum is not discernible. 


The femur is tiie bone most commonly involved, followed in order by 
the pelvis, tibia, humerus, radius, ulna, small bones of the hands and 
feel, and skull. 

ith extension of the cystic ai'eas into the femoral head and condyles, 
deformities secondary to weight-bearing are common. Coxa vara, varus 
deformities of the femoral shaft, genu valgus, and anterior bowing of 
the tibia are encountered. Contralateral bones which are not involved 
maintain noniial density; this is an important diagnostic point when 
considering hyperparathyroidism. Roentgenograms of .some of the pub- 
lished vases reveal sclerosis, particularly of the tibia. 
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SURGERY 


unattaclied to tlie skin. Arrangement was haphazard with no attempt 
at distribution along peripheral nerves, some crossing midline. In 
some instances these masses were immediately beneath the skin and 
superficial to the fascia. In addition there were innumerable similar 
lesions in the intermuscular fascial planes and in many ijistances im- 
bedded directly in tlie muscle bellies to such an extent that there was 
almost complete replacement of the thigh musculature. Biopsies of the 
cj'sts on two occasions revealed similar microscopic findings identical 
with those of the cystic masses removed from the medullarj’^ canal of the 
femur. 

Two explanations are suggested: (1) Biopsy revealed the cortex of 
the femur to be paper thin, and it is possible that a minute cortical de- 
fect maj’- have existed with escape of medullary canal contents. The 
widespread distribution to the subcutaneous level, the encapsulated na- 
ture of the tumors, and the findings of an intact periosteum are incom- 
patible with such an explanation. (2) As will be explained later, it is 
generally believed that this disease is based upon a congenital abnor- 
mality in fibrous tissue maturation and development. 


X-RAYS 


The characteristic location and appearance of the roentgenograms are 
the most valuable and important of all clinical or laboratory evidence. 
While most writers describe unilateral lesions, there seems to be no valid 
reason why such an arrangement should always exist. In severe eases, 
particularly in children, bilateral lesions are present, as reported by 
Albright. Involvement was predominantly \inilateral in the patient re- 
ported here, but both ilia and hands wore affected with suggestive areas 
of rarefaction in the long bones on the left side. 

Tlie roentgenograms characteristically exhibit multiple areas of de- 
creased density involving the entire or ma.ior portion of the diaphysis, 
stopping at the epiphyseal ]fiate in children and extending to the ar- 
ticular cartilage in adults. Partial involvement of the diaphysis of long 
bones is unusual in contradistinction to the findings in cases of giant- 
cell tumor, osteitis fibrosa cystica localizata, xanthomatosis, and Ollier’s 
disease Extension from articular cartilage to articular cartilage with- 
out pemitting interspersion of areas of normal Imnc depends upon the 
^ ^ + 1,0 mtient and the duration of the disease, rarely being en- 
countered before puberty and consistently thereafter. 

cio.ttered among the cystic lesions ai-c areas of increased density, 
ivvocmbr are variable in size and density, and assume hap- 
These aie o outlines of these areas are hazy and exhibit no 

hazard pat eins. miicrc is a clo.se resemblance to osteopoikilosi.s, 

TeStrL* 
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PATHOLOGY 

Gross Paihologii . — The subcutaneous tumor masses at liiopsy ivere 
found to be grayish, glistening cysts with translucent walls. These were 
easily shelled out of tlie subcutaneous tissue and fascial planes by blunt 
dissection. The size varied from several millimeters to 8 to 10 cm. in 
diameter. There was actual contact by the cysts with the periosteum 
at many points. The contents of these cysts was a thick, gelatinous, 
mucinous material closely resembling the contents of a ganglion. 

The cortical bone was paper thin and yielded easily to a blunt instru- 
ment. There was marked alteration in the appearance of the periosteum, 
being 2 to 4 mm. thick, bogg}-, and indui'ated. The normal glistening 
appearance was replaced by a dull, whitish, lusterless tissue somewhat 



••V 


5 — Both hanGs aro involved, the right more than the left. The right ijund 
fhows ttU bones affected along with expansion of the metacarpals. 

resemhliiiv scar tis.suc. Attempts (o elevate t!ie periosteum revealed it 
to be abnormally friable and without the usual periosteal bleeding. 
Raishm ot a trap door of coiTical bone disclosed the medullary canal 
to be completely replaced by «;elatinous tissue cdosely resembling the 
ey.stie material cneoimtercd in the soft fi.ssues of the thigh. 

It is now fienerally appreciated that the microscopic picture of fibrous 
tissue replacement of medullary bone with absorption of bone trabeculae 
is not a specific re.spouso to any single etiological factor or disease 
Osteitis fiinawi is seen in hyperparathyroidism, localized osteitis fibro.sa 
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In interpreting the x-rays of polyostotic fibrous dysplasia, it is para- 
mount to remember that tlie individual lesions of this disease are non- 
specific from a pathologic vicAvpoint and that analysis of x-rays con 









white; polyostotic fibrous dysplasia 


617 


diagnostic aids 

The values lor blood serum phosphoius and calcium in this case and 
in all those reported have been within normal limits. There have been 
a few instances where the calcium values approached the upper limits of 
normal without apparent significance. 

The phosphatase level has shown slight elevation on occasion in this 
ease. Freund and Lichtenstein reported eases shoeing phosphatase 
elevation as high as thirty-two units. Such elevation has been ade- 
quately proved to depend upon neiv bone production. In polyostotic 
fibrous dysplasia there is some capacity for new bone formation and, 
as has been shown on x-ray, this is chiefly periosteal. 



right half of the pelvis, all of the sacrum, and the crest of the 
left ilium are miolted Absence of lesions m the lumbar spine Is notable 

PATHOGENESIS 

It IS olnioiis that we aic dealing with an inherent disorder of fibrous 
tissue rather than alterations in bone secondary to extraosseoiis factors. 
Those eases which have been carefully followed date the onset of the 
disease to childliood or earlier. Albright's yonnscest case was 3t/o years 
of age ( eitainly the charaetenstic onset lieforc the age of 10 j’ears 
followed li\ .1 long, clironic, slowly progrcssu e eoiiise strongly .suggests 
eongenital eliologx, Thcie aie few skeletal lesions whose duration ex- 
tends over decades and wliosc charaeter is essentially benign despite 
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cysliea neurofibromatosis, calhis following fracture, Paget’s disease, 
osteomalacia, rickets, and du-ouic inflammatory diseases of bone 
Jaffe and Lichtenstein, who have had an opportunity to examine the 
^ost pathologic material, have described thinning of the cortical bone 
u hich they behove is due partially to absorption but chiefly to erosion 
of the endosteal surface by the proliferating fibrous tissue. There have 
been no descriptions of endosteal new bone formation, and this agrees 
vith the microscopic findings of our biopsies. There was no evidence 
of penetration of the cortex by fibrous tissue in these specimens. 




e. — The location of lesions Uuoughout the entire length of the fcniui is clmr- 
actenstic. The shaft is moderately expanded and the coitf'x reduced thioughouh Tlic 
defect in the cortex on the lateral aspect is the site of biop'^y. 


There has been almost complete replacement of medullary bone by 
fibrous tissue in this case and in the phofomicro>rraphs reproduced by 
Jaffe and Lichtenstein. Some sections (Pigs. 3 and 4) rci’cal con- 
siderable replacement, while elsewhere bone trabeculae show loss absorp- 
tion The fibrous tissue encountered differs in no way from that seen 
■ osteitis fibrosa in other lesions. The bone trabeculae aiipoarod to 
™ ess no definite pattern and stained poorly. Osteoclasts were not 
Len There was no evidence of danf eells or eaititagc. tasenlarity 

was surprisingly rich. 
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concomitant advanced pathologic changes that can he accounted for 
other than on a congenital developmental abnormality. The presence of 
numerous cystic masses outside bone which possess no clinical or micro- 
scopic evidence of malignancy seem to be best explained upon a con- 
genital aberration of primitive fibrous tissue. The similar gross and 
microscopic resemblance between the fascial and osseous lesions would 
indicate a common genesis. The unilateral distribution of the lesions 
precludes the possibility of endocrine or honnone etiology, as does the 
presence of normal, unaffected bones on the opposite side. 



A. B. 

Fiff. 10. — Thickening of the hasilar portions of the occipital, temporal, and sphenoidal 
and frontal bones i.s characteristic. Notice the encroachment on the sella turcica. 
Involvement of both sides of the mandible is discernible. 

DlFFERHiNTIAL DIAGNOSIS 

1. Hyperparathyroidism . — The supei-ficial resemblance of the roent- 
genograms of the lesions of polyostotic fibrous dysplasia to hyperpara- 
thyroidism has created confusion, and in mo,st instances has been de- 
scribed under hypei-parathyroidism, as evidenced by numerous reports 
of surgical cxploratiou of tiic parathyroid glands without encountering 
adenomas. 

Before the establishment of hyperparathyroidism as a distinct clinical 
entity it was ajipreeiatcd by Preiuid, Hunter, and Turnbull and Jaffe 
that there were eases of cystic l)one lesions Aviiieh were not explainable 
on an endocrine im()alance. Tliis fact unfortunately is not generally 
apjirceiated today despite recent authoritative articles. 

As has been emphasized already, if x-rav examination is eonfined to a 
single bone or to a portion of an oxtremitV or if the diagnosis has been 
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Fie 8 — Expansion of the metatarsals and phalanges more marked than In the hand 
\\ith maximum changes to be noted m the medial portion of the foot Notice the 
■ftell-dcflned areas of sclerosis in the os calcis and lorver ends of tibia and fibula 
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shaft or center of the diaphysis is usually uninvolYed. Clubbing of the 
metaphysis ivith longitudinal areas of sclerosis alternating with areas of 
decreased density are in contrast to the uniform expansion of the entire 
shaft as seen in fibrous dysplasia. Severe deformities subsecpient to al- 
terations in the epiphyseal cartilage are more common in Ollier ’s disease. 

PROGNOSIS AND TREATMENT 

The prognosis of polyostotic fibrous dysplasia for normal life ex- 
pectancy apparently is excellent. Deformit}' and disability, especially 
of the lower extremities, is common, and while ’these patients may con- 
tinue to be active for many years without discomfort, they may ulti- 
mately seek medical aid for mechanical difficulties. 



Fip 12 — hue the entire humerus, radiu«. and ulna aro in\ohed, the ap- 
pearance is marked, particular^ m the ulna dcfornutie'^ are nonexistent m 

contrast to the Io\Mr extremities 


1_ j) to tlie present there lias been no rcjiort of nonunion following a 
fracture nor any evidence on a clinical or mieroscopic basis for malig- 
nant transformation of any of these lesions. 

While tliere have been alterations in secondary sex characteristics 
in young female patients, adult patients of both sexes have not been 
noteworthy in this respect. 

Lichtenstein boUeves tliat the phosphatase le\el is of value in estimat- 
ing surgical piognosis and that little evidence of new hone formation 
exists when phosphatase values are within normal limits. The extent of 
iiuohement, the amount of cortical ex}ninsion, and lesidiial bone cortex 
should determine the patient’s fitness for smgieal procedures rather 
than the phosphatase level. Alterations in other bones with abortive 
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made on biopsy alone, serious errors will occur. The microscopic pathol- 
ogy of hyperparathyroidism and Ollier’s disease is closely similar but 
nonspecific, and it is obvious that limited x-ray examination would re- 
sult in roentgenograms which would be confusing. Polyostotic fibrous 
dj'splasia with its onset at or before puberty, long, protracted course, 
normal blood calcium and phosphorus values, and characteristic uni- 
lateral distribution of lesions creates a well-defiired syndrome. The 
presence of bones of normal contour and density on the unaffected side 
in a patient with multiple c.ystie lesions along with areas of skin pig- 
mentation and multiple subcutajieous nodules of varying sizes should 
be helpful in ruling out generalized osteitis fibrosa cystica. 



pntire lencUis of both tibia and nbula are implicated. Thcic is only 
Fig. - ^ .Vsnite considerable loss of cortical bone. Notice that there are no 

rearo^o?ma?bo^?exIstent. 


2. Ollier's 
presents x-rays so 


j)is(,asD . — Dysehondroplasia with its resultant deformities 


characteristic that differentiation should not be dif- 


n nnd biopsy would appear to be rarely necessary. The lesion is 
^ ir iocali'Ld to the epiphyseal plate in Ollier's disease, and as 
primanlj < a„cl juxtacpiphy.seal areas arc the sites of 

expected, changes. Unlike polyostotic fiiiroiis d.v.sjilasia, fiie 


to ti) I' 
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fitteinpts at new bone formation may elevate the j)hospliatase level and 
lull the surgeon into a false sense of securit}'. Surgery on any bone 
which is severelj^ involved should be considered onlj' as a final resort. 
It is probable tliat new bone formation is more active in j'oung patients 
as all reported fractures in tliis age group healed promptly. Amputa- 
tion or the employment of braces in severe deformities of the lower 
extremities would appear to be more satisfactory than attempts at 
ai'tlirodesis or surgical correction of deformities. 

SUMMARY 

1. Polyostotic fibrous dyspla.sia is a definite clinical entity with charac- 
teristic roentgenograms. 

2. Differentiation from hyperparathyroidism is essential in view of 
more favorable prognosis and nonsurgieal management. 

3. Additional evidence indicating origin from fibrous tissue dysplasia 
is presented. 

4. Reconsti-uetivc surgery on involved bones does rrot appear to be 
warrarrted. 

I am indebted to Dr, Joseph A. Freibers, ot tl>e Cincinnati General Hospital, for 
assistance in preparinK tUhs article. 
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C. P.\RTURiTioxAL Torticollis (Cases Occurring During Delivery). — 
This group is included under congenital torticollis because of custom, 
but it is really a distinct class in itself. It is the commonest form of 
congenital torticollis and is more amenable to surgical therapy than is 
any other type. The term parturitional is suggested because this type 
does not occur before delivery but is noticed a few hours to a few 
weeks after delivery. The pathologic lesions may be classified as 
follows; (1) rupture of the sternomastoid muscle, (2) hematoma of 
the sternomastoid muscle with subsequent fibrosis, and (3) combina- 
tions of the rupture and hematoma. This type, parturitional torticollis, 
is the one referred to as being affected by the scalenus antieus muscle. 

3. Fiinctioml Torticollis . — A peculiar type that does not reveal any 
organic muscular spasm or contraction. It may be necessary to im- 
mobilize the neck by means of a plaster of Paris jacket or a coiwective 
brace. A satisfactory brace is one described below (Fig. 2). The prog- 
nosis for complete cure is excellent. 

4. Spasmodic Torticollis . — ^This foi-m is characterized by clonic spasms 
of the sternomastoid plus other cervical muscles, particularly those in 
the suboccipital triangle. An encephalitis is usually considered to be 
an initiating factor. The prognosis is not favorable as to cure. Opera- 
tions on the spinal aceessoiy neiwe as well as the fifth, sixth, and 
seventh cervical nerves and various myotomies have been advocated. 

According to the above classification, there are many types of toi'ti- 
collis of which the acute acquired torticollis or “stiff neck” is the most 
frequent. However, this type is of slight clinical and surgical signifi- 
cance because it is very transitory. The next commonest type is par- 
tui-itional torticollis which heretofore has been termed congenital torti- 
collis. When these patients are operated upon, it has been observed 
that the sternomastoid muscle per se is shortened and contains a pre- 
ponderance of scar tissue, so much so that large patches of blanched 
fibrous tissue replace the normal mu.scle tissue. Adhe.sions. quite dense 
at times, exi.st between the capsule of the muscle and the muscle proper. 
Other soft parts of the neck may be adaptively shortened. These changes 
impress one as being due to a fibrous myositis and perimyositis. and 
with a history of occurring shortly after delivery, it is rea.sonable to 
assume that it is of traumatic origin. The u.sually employed operative 
{tioceilure to correct this lesion is section of the sternomastoid muscle and 
all adhesue hands This procedure has met with both succe.ss and failure. 
Mime deformities being overcome while othei's pemisted The explanation 
for this is not eiear, hut from the ease histories described below one will 
ohseine tliat the scalenus antieus muscle may have played a cardinal lole 
in perpetuating the deformity in those eases that diil not respond tr 
sternoinasloid myotomy alone. 


( \S( t Mii'fpr L. M., ll jParnl.l ^%Iiite male ( I'lg. Ii. was admittcil to the 
Touro Infinnarv on 21, IMS. ,,ul. a chief compiaint of "crooked neck." 



TI-IE SCALENUS ANTICUS EACTOll IN CONGENITAL 
TORTICOLLIS 

Sidney M. Copland, M.D., New Orleans, La. 

(From the Department of Surgery, Touro Infirmary) 

C ONGENITAL torticollis, although known for centuries, remains a 
therapeutic enigma at the present and the multiplicity of operative 
procedures advocated for this entity serves as a mute witness to tliis 
fact. Torticollis, in general, is characterized by an involvement of the 
sternoinastoid muscle, although at times other cervical muscles are 
invohmd, in which the muscle undergoes a contraction resulting in its 
overaetion and thereby causing a defoianity. This condition is uni- 
lateral in the majority of cases; however, a bilateral type does occur 
rareljL Recently, it has been my experience while operating upon two 
successive eases of congenital torticollis, to encounter a factor not 
heretofore mentioned; namely, the scalenus anticus muscle as being 
partly responsible for the deformity. This observation was first noticed 
during the course of the operation and wlien it was seen again in a 
few weeks, its importance was emphasized. Since these two cases were 
seen, a third case has presented a similar picture. 

Because the discussion of the role of the scalenus anticus muscle is 
limited to certain types of torticollis, and wishing to avoid confusion, 
a classification of torticollis in general is presented. 


TORTICOLLIS 


1. Acquired Torticollis . — This is the commonest form of torticollis 
and is usually termed a “stiff neck.” It is a myositis of the stcrno- 
mastoid, occasionally the trapezius, due to exposure or changes in tem- 
perature. Although self-limited, heat therapy is of benefit. 

2 Congenital TorticolUs . — This is subdivided into three groups as 


follows ; 

A Primary Congenital Torticollis.' — This type is invarial)ly caused 
by an embryonic defect and is present long before delivery. It i.s due 
to one of the following; (I) synostosis of atlas and axis, (2) fusion of 
aths and occiput, (3) malformation of cervical vertebrae, or (4) cerv- 


•R Secondary Congenital Torticollis.— This typo fails to reveal any 
• " deficienev but definitely antedates birth and i.s present 

asm ana ‘ There is no adequate explanation of the phe- 

t tune ot c . • tiicorizcd that an aimonnal position of the 
lomenon, but it has mi 

;etalheadinuteromayhe theiea-son. 

U^ved for publication. June .3. 1 
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the muscle exposed. The t^^o muscle heads were dissected free from the posterior 
muscle capsule and seiered in an oblique direction Xo bleeding nas encountered 
in the muscle proper. The posterior muscle sheath was then dnided. An un 
sterile assistant now placed the head in oi ercorrection and it was noted that there 
nas some inhibitory factor preienting o\ eicorrection. The wound was palpated 
and a tense, thich, spastic mass was palpable This proi ed to be the scalenus 



I 'B 2 — C ise 1. after operation and after bodj cast has been i emo\ eel Patient w ear- 
ing postoperatue brace of authors design 



! ig t t u-e 1, six months after operation Compirt with I ig 1 


aiiliuis nuivcle the trinsierse colh arterj was retracted, the prese ilenus fat was 
dissected, and the muscle exposed. The pliromc ncrie w.is \isualized on the ante- 
rior surface of the muscle and retracted medialh. The sixth and soienth cervical 
nerie*. were seen iatornl to the muscle The muscle appeared to be tense and 

hjpcrtrophicd \ii interior ^caleniotomj was done following which the unstcnle 

Hsmstant was able to pime the head m extreme ox ercorrection With the head in 
thm position, digital p .lj,a„„n faded to roxt il anx further constricting structures 
The xxoiind xxim i lo-id in laxers 
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lius complaint had been present since infancy. The physical examination showed 
a marked inclination of the head toward the left shoulder, the chin pointing 
toward the right. The right side of the face was larger than the left. The sterno* 
mastoid muscle on tlio left was verj’ spastic and its anterior border on touch 
seemed us if it was a taut rope. The motion of the head was very limited in all 
directions and the deformity could not be corrected either actively or passively. 
The scapula on the affected side was more elevated than the other. The remainder 
of the physical and laboratory examinations weie essentially negative. The x-rays 



j-jg. j. Case 1. before operation. 


1 neck did I'O* re\eal any osseous deformities. ParturitionnI torti 
of the head diagnosis. Operation wns performed on April 

collis ■"’ll® , anesthetic. A curbed inciMon, one inrli above tlic loft 
22, li>3S, under a 8*^“” border^ '"“s ninde. The irici.sion e.vteiided through the 
to just beyond tlie P"® ® tissue, and platjsrna muscle ivorc dis-ected up- 

skin, The flap, the su > jigatc the external jiigiibir \ ein. The anterior 

xvard en masse. It "O® '' ' incised and the sternal ami clavicular heads of 

capsule of the sternomasto 
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head was turned to the right and the chin pointed downward. A hemiatropliy of 
the right half of the face was present. The operation as described in Case 1 was 
performed and a hj’pertrophy of the scalenus anticus muscle was present. How- 
ever, it was necessary to e.xpose this muscle before concluding it was hyper- 
trophied for palpation was not as definitely indicative as in the above two cases. 
A microscopic examination of the muscle revealed large amounts of fibrous con- 
nective tissue. The postoperative course was uneventful; a body cast was worn 
for six weeks followed by corrective exercises and a brace for six months. At the 
time of operation, the patient was a messenger boy and had obtained this position 
only through influence. Since operation, he has held better positions in industrial 
plants and has passed physical examinations to obtain the two positions without 
any difficulty (Fig. 6). 



At the operation in Case 1 it was evident that the scalenus anticus 
muscle played a role in maintaining the deformity, and when a short 
time later a second case was observed with a similar pathologic picture, 
it sugge.sted that the condition occui's not infrequently. The thii'd case 
was noted because my former experience made me determined to ex- 
pose the scalenus anticus muscle routinely in this type of operation. 
The modus opernndi of the scalenus anticus factor was not clear at first, 
but when the anatomy and function of this muscle was studied, the 
probable mechanism becomes evident. 

Morris- described the function of the scalenus anticus as follows: 
“M ith the thorax fixed, the .scalene muscles hind the neck to the side 
and .slightly forward and turn it slightly towai’ds the opposite side.” 
Denver stated: The anterior .scalene nnisele, when acting from its 
point of iirigin, will raise the fir.st I’ib. hut if the rib he fixed, the muscle 
acting tvom below will fiox the lower cervical vertebrae, at the same 
time slighth rotating these vertebrae.” The scalenus anticus muscle 
arises from the anterior luherclc of the transverse process of the third. 
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The patient’s head was then placed in overcorrection and a body cast applied 
from waist to forehead. The patient left the operating room in good condition. 
He was discharged from the hospital four days later; the maximum temperature 
during his hospital stay was 99° F. In six weeks the cast was removed and a 
special correction brace was applied (Fig. 2). Corrective exercises were also in- 
stituted. A very satisfactory result has occurred (Fig. 3). The patient is able to 
swim and play ball for the first time in his life. 



>\ 



Fig. -1. — Case 2. before operation. 


Case 2.-— Haster E. H., 5-ycar-old white male, was admitted to tho Touro Iri- 
firmarv on June 1, 1938, with a diagnosis of irarturitional torticollis. The patrent’s 
head was inclined toward the right, which was first noted two weeks after de- 
■ The child had been a breech presentation and was dehverod by version 
T!vtraetion with forceps on the aftercoming head. The deformity became more 
' ,1 with time. The head was inclined toward the rigid at about a 30 
prorrounw -ind flexion of the head to the left wore inhibited. The right 

-fnee was .slightlv smaller than the left; the scapulae were on an equal 
half 0 le ‘ head and neck were negative for osseous deformity. The 

level. A-ra3 performed as in Case 1 and again it was noted that 

same operatne p .^,^^g„eetion. Again, further examination revealed a tense 

some factor in ii „nticus muscle, which, when sectioned, allowed liberal 

h\-pertrophicd sc.aien . applied from the waistline to the forehead, 

ovcrcorrcction. - uas removed and a brace uas applied and correctiie 

\fter six veeks, the c.ic ■ ' r.\collcitt re-iilt tins obtained (Figs. 

^,,,eises were instituted. In this... 

^ , ,1 white m.ale, "ns admitted to the Touro Infirmary on 

Case 3.— of pnrturitional torticollis. Details of the patient’s 
Jan. S, put the deformity had been present since birth. The 

delivery were not avai a , 
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as to whether or not the scalenus anticus is an etiological factor, it is 
safe to sacrifice it, for in no ease herein reported did one note any post- 
operative inhibition of head movements. The results obtained have 
been excellent, and although I have no right to base conclusions on 
such a small series, I do consider it of importance and worthy of atten- 
tion in the future. 

SUMMARY 

1. A classification of torticollis is pre.sented. 

2. The term parturitional torticollis is more accurate than congenital 
torticollis. 

3. Three eases of congenital torticollis are presented wherein the 
scalenus anticus muscle appears to have played a role in maintaining 
the deformity. 

4. A discussion of the modus operandi of the scalenus anticus factor 
in congenital torticollis is presented. 

5. It is suggested that definite examination of the scalenus anticus 
muscle be made at the time of operation in all eases of torticollis. 
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fourth, fifth, and sixth cervical vertebrae and is inserted into the tu- 
bercle oil the inner border and under surface of the first rib in fi-ont 
of the groove for the subclavian artery. In parturitional torticollis in 
ivliich there is fibrosis in the sternomastoid muscle and firm attachment 
of the muscle belly to its capsule, a shortening of the muscle occurs. 
Because of this, the head is depressed laterally toward the clavicle and 
fiist lib on the affected side. With the head in this position, the dis- 
tance between the origin and attachment of the scalenus anticus muscle 
is likewise shortened. As the patient grorvs older and the scalenus 
anticus develops, it will be shortened in length but will be broader so 
it may appear hypertrophied. On the other hand there is also the 



Fig. 6 Fig. 7. 

j.,P_ e. Case 3. anteropostei lor view one year following operation 

Case 3, liead in hypcre.xtension one year foilowing opeiatjon. 


possibility that the scalenus is hypertrophied because it also suffei'ocl 
a traumatic myositis at the time of delivery similar to that occurring 
in the sternomastoid. Although it cannot be considered as a pi'imary 
etiological factor, it will act to maintain the deformity and can there- 
fore be considered as a secondary etiological agent. If this chain of 
vents is true, it is important that the scalenus anticus muscle be ex- 
mnined at operation in each ease of torticollis. It is entirely plausililc 
‘ ,, ijove hjTothesis is accurate that tlie scalenus anticus factor may 
’ - 1 •' why kernomastoid myotomy is sucee.ssful in some cases and 


warning may be in order at tin's point. One 
However, c . • „.p]v sacrifice the muscles of the neck on the 
liould not onssiblc that the patient may lie overeorreeted 

frSll Ihen he more miscrahlc than originally. If there is any doubt 
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The ease histoiies of two patients treated at Grasslands Hospital are 
presented : 

Case 1. — This patient was a 4 -month old white male. On Kov. 30, 1938, while 
sitting in a baby carriage on the front porch of his home, he was bitten on the third 
and fourth fingers of his left hand by a rat. Mertlnolate was applied immediately 
to the wounds without attempt at cauterization. 



Fig. 1 — Case 1 Rat-bite wound on the third and fourth left digits 


On Dec. 0, 1938, the child was admitted to the surgical =enico becau'-e of in 
fiammatory lesions on the fingers. At this time, the wounds appeared edematous, 
indurated, and darh bluish in color with all signs of inflammation. Direct smears 
and (ultures of the lesions were nogatue for organisms. On admission the tern 
perature was 100 2° but subsequently rose to 101.2°. It was relapsing in cliaracter 
with afebrile periods of four to five days. The Klme and Was'-ermann reactions 
were negatne. The wlntc blood count was 13,000. On the eighth hospital day the 
patient bceame lethargic, was nauseated, vomited, and had diarrhea. The red blood 
count was 2,900,001) as compared to 4,.500,000 on admission Treatment consisted of 
blood transfusions, parenteral fluids, and symptomatic therapy. On Dec. 9, 193S, 
blood cultures were taken and mice inocnlatcd with venous blood The <8piril/n 
morsii-t muni were isolated on tlie twentieth day Immediately, 0.2 Gm. of neo- 
arsphenamine were given intravenously. This resulted in eradication of general 
symptoms, redurn of temperature to 98.8° within twenty four hours, and healing of 
the primary Ic'sions within four chivs. 


1 hi* patient was dischargecl on Dee 21, 19 IS, as recovered He has visjtecl our 
follow up clinic pc'nodically. On .Ian. 10, ]9.!9, the child was given another thc*r- 
apeutic injection of 0 2 Gm, of neoar'phenaiiune intravenously without untoward re- 
action On Xov. 4. 1940. bo wiis nsyniptoniatic* and had gained eleven pounds m 
weight Xi> si.crs wore present at the site of the original lesions and function of 
the fingers was ev client The Kline lest was negative 


< vsi _ Tills pitcont w!is a vvi*U clovehipeii. wluto 1 vear old female admitted 
to tl„. IVd.atr,, borv,,,. and trcn.tc.d by that depertment ' On Dev*. lo.-jc* 
pl.vmg at c g-irhago clump, si,,, was l„tti.n on the left wrist bv a rat. It' is in. 
tcristui^ to I oriimi nt Unit the.. ).,rl )np,i ^^, 1 “ neighborhood ns the infant of 



TWO CASES OP EAT-BITE PEVEE 


Albert G. Eogliano, M,D., Valhalla, N. Y. 

(From the Departments of Surgery and Pediatrics in Giass!a?ids Sospital) 

O AT-BITP] fever vas known in India as long- as 2,300 years ngod 
In 1839, Wilcox described a ease seen in his practice which typified 
the course produced by the infection. IModern literature reveals that the 
disease is known in practically every country of the v'orld. The main 
agency of spread is the bite of wild rats, but several cases have been 
attributed to the bite of cats,” squin-els, weasels, pig-s, and monkeys. Tlie 
disease is known as sodoku, from the Japanese “so,” rat; and “dohi,” 
poison. 


The exact etiology of rat-bite fever was discoveicd by Futaki and his 
associates in 1916. They called the organisms Spirochactae morsus mnris. 
It is a spirillum 3 by 4 U. long, approximately 0.2 U. thick, with pointed 
ends, carrying one or more flagella. The organism has a very rapid 
darting, to-and-fro motion, with a spinning movement around the long 
axis. It has never been cultivated in artificial media. The organism 
can be identified by Giemsa or Wright stain and dark-field examina- 
tion. The material should be obtained from venous blood and cultured 
by mouse inoculation. The procedure is as follows: Two cubic centi- 
meters of blood from an infected patient is injected into the peritoneal 
cavity of a mouse. An incubation period of from fourteen to twenty 
days is allowed to elapse. At the end of this time, the cardiac l)lood 
of the mouse is examined for the organi.sms. 

In pathogenicity the SjPriUnm morsns mnris l)car.s a resemlfiancc to 
Spirochacia pallida and like it is de.stroyed by arsenical drugs. AVhere 
the skin is perforated by the rat bite, usually on the hands, arms, or 
lower extremities, a lesion develops pic.senting tlic gross appearance of 
a o-ranuloma without evidence of .suppuration.'' The tissue .sections of 
the wound at the point of entrance, when examined under tlie micro- 
reveal necrosis of the epithelium and dense round-cell infiltration 
*f the eorium. The parenchymatous oigans present a genei-alized pie- 
” • of toxemia as Juight be expected from a continued intermittent 
rr.-l! disease. Hyperplastic dilated .siiui.scs and hyperemia of the suin-a- 
Mands and of the cortex of the spleen are also found. The central 
renal n ^ i,odies in the spleen develop hyaline de- 

arteries of tne man; 


leration. 

— eniorpul,ncaUon.ArH.... 1.-^ 
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The significant lahoratoiy findings were leucocytosis of 13,000; hemoglobin, 
12 6m.; and red blood cells, 4,690,000. On admission the Kline test was doubtful, 
but twenty-four days later it became positive. During the temperature peak the ex- 
amination of the venous blood on direct smear revealed Spirilla morstis mnris. 
This was confirmed by mouse inoculation. 

On Deb. 2, 1939, 0.3 Gm. of neoarsphenamine was administered intravenously. 
The child immediately became asymptomatic and afebrile. On Feb. 10, 1939. 0..3 
6m. of neoarsphenamine was again given intravenously. She was discharged on 
Feb. 18, 1939, as recovered. IVhen seen in the follow-up clinic she had gained 
weight and had been asymptomatic since discharge. Primary lesions had caused no 
scars. The last visit was on Xov. 8, 1940, at which time the Kline te.st was still 
po.sitive. 


SUAIM.ARY 

Eat-bite fevei' is a rare disease in the United States. These were the 
fir.st eases seen at Grasslands Ho.spital, and only 91 ca.ses have been 
reported in the American literature. Neverthele.ss, it is a disease which 
may he diagnosed without unusual diffieulty and may he successfully 
treated. The Kline test is positive in 50 to 60 per cent of cases during 
the acute phase of the infection but will eventually become negative.'* 
The clinical course” is characterized by development of an inflamma- 
tory lesion at the site of injury followed by the onset of fever with re- 
current paroxysms of chills and fever, muscular aches and pains, cuta- 
neous eniption, lymphadenitis and lymphangitis, neutrophilic leucocyto- 
sis, and vaiying degi’ees of prostration, and responds promptly to the 
administration of arsphenamine (and similar drugs) intravenously. 
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Case ]. The emergencv treatment consisted of cauterization and tetanus antito%-in. 
luo daj. later, local signs of inflammation uitli Innphadenitis appeared The^ 
subMdod in forty eight hours. The patient remained as^mptomatic until the =even 
toentli daj uhen she became nau=eated, loraited. and MilTercd from headache, malaise, 



FiK 2 — Spirilla niorsus minis isolated from mouse inoculation (from blood of patient 

in Case 2) 


I I 1 



* /-nurse of patient in C-ase 2 Injections of ncoarsphen.aniinc fndi- 

3_Temperature course p- chart. 

generalized rou'cular pains. At this time she wa^ admitted to the 
lethargy, and g • ..j,:]!/; and feicr recurred at lire dnr intorial-. On the 
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The significant Inboratorj" findings were leucocytosis of 13,000; hemoglobin, 
12 Gm.; and red blood cells, 4,690,000. On admission the Kline test was doubtful, 
but twenty-four days later it became positive. During the temperature peak the ex- 
amination of the venous blood on direct smear revealed Spirilla morsus muris. 
This was confirmed by mouse inoculation. 

On Feb. 2, 1939, 0.3 Gm. of neoarsphenamine was administered intravenously. 
The child immediately became asymptomatic and afebrile. On Feb. 10, 1939, 0.3 
Gm. of neoarsphenamine was again given intravenously. She was discharged on 
Feb. 18, 1939, as recovered, inien seen in the follow-up clinic she had gained 
weight and had been asymptomatic since discharge. Primary le.“ions had caused no 
scans. The last visit was on Kov. 8, 1940, at which time the Kline test was still 
positive. 


SUMMARY 

Eat-liite fevei' is a rare disease in the United States. These were the 
first cases seen at Grasslands Ho.spital, and only 91 cases have been 
reported in the American literature. Neverthele.ss, it is a disease which 
may be diagnosed "without unusual difficulty and may lie successfully 
treated. The Kline test is positive in 50 to 60 per cent of eases during 
the acute phase of the infection hut will eventually become negative."* 
The clinical course** is characterized by development of an inflamma- 
tory lesion at the site of injury followed by the onset of fever with re- 
current paroxysms of chills and fever, muscular aches and pains, cuta- 
neous eruption, lymphadenitis and Ijnnphangitis, neutrophilic leucocyto- 
sis, and varying degrees of prostration, and responds promptly to the 
admini.stration of arsphenamine (and similar drugs) intravenously. 
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INTESTINiVL OBSTRUCTION AS A PHASE OF CARCINOMA 

OF TUB CERVIX^ 

Bjarne Pearson, M.D., and Manuel Garcia, ]\LD,, New Orleans, La, 

(From Ihc Departments of Fatliotogy and Dacteriotogy and of Radiology of the 
School of Medicine of Louisiana Slate Vniversity and Charily Hospital 
of Louisiana at Xeic Orleans) 

N eoplastic obstruction of the intestine, though long recognized, is 
an apparently neglected jihase of eervical carcinoma. Incidental 
allusions to this feature of the disease are found in the literature, but 
factual elaboration of tlie subject has seldom been attempted. Only a 
minority of cases suitaiile for o])erative relief reach the surgeon, and 
the significance of incipient low-grade obstruction seems to be generally 
overlooked. The present communication offers relevant information ob- 
tained from a review of autopsy material at Charity Hospital of Louisi- 
ana at New Orleans. 

During the eleven-year period ending Jan. 1, 1941, 74 cases of 
squamous-cell carcinoma of the cervix came to necropsy in this institu- 
tion. Adenocarcinomas are excluded from this study. In 9 of these 
eases a diagnosis of intestinal obstruction had been entertained clinically, 
or had actually been confirmed, and post-mortem examination in each 
instance disclosed neoplastic extension to the bowel with definite reduc- 
tion of its caliber. The incidence of intestinal obstruction in the 
autopsied material of cervical carcinoma is thus 12.1 per cent, which 
agrees Avith the figures previously reported by one of us (B. P.) in a 
similar series. 


In these 9 cases three portions of the bowel showed neoplastic involve- 
ment which eventuated in obstruction : The ileum was affected in 3, the 
sio-moid in 1, and the rectum in 5. A double obstruction was present in 
3 cases. The pathogenesis and mechanism of obstruction were of several 
tA^es (Table I), but in all instances the degree of constriction Avas 
severe since the study included onl.A^ those Avith symptoms of obstruction. 

In onty 1 ease (Case 8) was the obstruction complete. In this instance 
an annular metastasis to the ileum was located 20 cm. from the ileocecal 
valim and Avas so bulky that it was palpable through the abdominal wall 
in the right lower quadrant. A second ileal lesion (Case 5) occurred 
in a dependent loop of bowel attached to a tumor mass in tlie eul-de-sac 
f Dmmlas Marked stenosis of the ileum resulting from tlie cancerous 
” aif.otJnn md fecal impaction produced functionally complete obstruc- 
. ■ \ino- in nerforation of the gut and peritonitis. The third 
tion o identical except that i-upture took place into 

ileal lesion (Case 0 ^ 
the vagina and an ileoiagmai 

""^ivecl for publication, JuU' !• 
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In Case 6 a serosal implant had penetrated through the wall of the 
sigmoid, and after fungating internally had caused marked attenuation 
of the lumen. In Case 9 the ampullary portion of the rectum was func- 
tionally obliterated by pressure of a large carcinomatous mass growing 
diffusely in the pelvis. In Case 3 the same area was narrowed to a 
diameter of 2 cm. by intramural proliferation of an invading neoplasm. 

Table T 


Types or Intestinal Obstruction in Carcinoma of the Cep.vix 


PATHOGENESIS 

ROUTE OF ■ 

DISSEMINATION 

MECHAX'IS>f 

EXAMPLE 

Spread in the 
pelvis (I) 

Infiltration of 
contiguous struc- 
tures 

1. Encirclement of the rectum 

2. Compression of the rectum 
by a large pelvic tumor ' 

Z. I^ngation of neoplasm 
into rectal lumen 

Cases 1, 3, and 4 
Case 9 

Case 2 

Invasion of peri- 
toneum 

4. Stenosis of dependent loop 
of ileum 

Cases 5 and 7 

Peritoneal seeding 

0 . Bulky growth of serosal 
implants on the sigmoid 

Case 6 

Metastases 

(11) 

Blood stream j 

1 

C. Isolated metastasis to small 
intestine producing con- 
striction 

Case 8 

Lj-mpliatics 

7. Infarction of bowel due to 
pressure on vessels by large 
mesenteric nodes 

Case A35-339 


In 3 other rectal strictures (Cases 1, 2, and 4), in which the residual 
lumen varied from 1 to 1.5 cm. in diameter, the principal area of involve- 
ment was characteristically at the level of the portio. In all 3 eases the 
lower edge of the constriction had been palpable clinically 5, 8, and 
10 cm. respectively from the anus. Carcinomatous infiltration in the 
rectovaginal septum and the uterosacral ligaments completely encircled 
the rectum, involving the muscularis but not the mucosa. Bectal stric- 
tures of this type were also prc.scnt in Cases .5 and 7 in addition to the 
ileal stenosis already described. In Case 9 obstruction at the same site 
(rectum) had been jiroduced at different times by two distinct etiologic 
agents. The pressure of a pelvic abscess secondary to infection in the 
ecrvical growth had first rendered tlie rectum essentially impervious, and 
ten montiis later (three months before death) the rectum was again 
found blocked, this time by an extrinsic tumor. 

A type of obstructive infarction which did not occur in the series of 
cases reiiorted in this paper is illustrated by the following ease hi,story: 


S. S. (A.t.i .ijnt. R eotoreil woman, 03 vear.« of age, «a.« t-ecn in Augiii^t, lO.fl 
witli a ma.ss in tlio rcrvls. Tl.n i ’ 

, , , , • 1 no uioru*. was curottdl ami inlenDacanthoma was foiiml 

which «!!« troatoil hv t ’ 

. omiium ami x-rav tiiiTaiiv. In hchruarv, Hl.So. a suh- 

cutanomix m('ta«ta'.i‘. m llio fhioh 1 , t ’ , i 

w.is pxp|oo<l ami cloarlv pshiliitpd the stnictiirp of 
•inHnmmia carcinoma. Tlip iiationr i . i > . . 

' 1 , . I'aiunt iiipi] .spp.Jiri" of (ho ncritonpiim 

am* foim'i at aiilnpiv; mo-entnri,. i i , , , . I'-noinrum 

, , , . ’ n'orii niHlpx linil prodiicpd c(>niprp«-.|on ami thrnmimsio 

of the mo^ontpric „jti, ; c * ' ■■ .m ■ iiiromtm<ii.s 

> infarction ami jicrforation of llip miall intostiiip. 
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111 3 of the 74 cases of carcinoma of liie cervix iviiicii form tiie material 
for this study large mesenteric nodes were observed, and peritoneal 
seeding was found in 10 other cases. On this basis, one is justified in 
assuming that obstructive infarction might also be produced by a pure 
sqiiainous-cell carcinoma. 


Another tyjie of obstruction is described by Lacassagne. The actual 
occurrence of tlie mechanism is not definitely established, however, since 
tlie cases whicli lie reported were not controlled by autopsy. In 2 of 7 
eases in wliich massive prevertebral lumbar nodes were observed after 
permanent healing of the pelvic lesions, the intestine was “compressed” 
and symptoms of obstruction were present. Eetroperitoneal metastases 
were observed in 9 of the 74 eases which we studied, but either the 
nodes were not bulky enough to impinge on the bowel or their location 
was not such as to produce obstruction. These observations suggest 
that as control of the lesions in the pelvis by radiation becomes more 
general, this mechanism of intestinal obstruction is likely to become of 
more clinical importance. 

A resume of the clinical and pathologic characteristics exhibited in 
this series (Table II) shows that the cases fall into two groups. In 5 
eases obstructive symptoms dominated the picture, the patients applying 
to obtain relief from the intestinal condition I'ather than for treatment 
of the neoplasm. The other 4 patients had been treated for carcinoma 
of the cervix and obstruction developed later, while they were being 
followed up. The 5 j^atients in tiie fii'st gi’oup complained of intermit- 
tent colicky abdominal pain associated with nausea, vomiting, and ab- 
dominal distention. The disturlmnces had been present for one to three 
weeks in the patients with rectal lesions (Cases 1, 3, and 9), and at in- 
tervals for three months in the patients with obstruction of the ileum 
(Case S) and of the sigmoid (Case 6). In these cases the s.ymptoms had 
been mild and intermittent in the beginning but had become much worse 


just prior to the patients’ admission to tlie hospital. 

In all 5 eases the manifestations of intestinal obstruction were so 
typical that the diagnosis was made clinically. Sigmoid colostomy was 
nerformed in Cases 1 and 3, and resection of the ileum in Case 8. All 
3 patients died shortly after operation. In Case 9 drainage of a pelvic 
abscess by colpotomy brought relief for ten months, and in Case 6 the 
t’ nt survived seven months under conservative treatment. 

^ In the other 4 cases the patients had been under observation for 
■ d varvin" from six to sixteen months prior to the onset of ob- 
peno s cojistriction was present in all the patients in this 

struc ion. ^ included in it, since this patient had 

group, an ^ nation for ten months when her second constriction 
been under o j-cctal involvement, ileal stenosis was also 

developed. rj symptoms complained of by all the pa- 

present in Cases milder and progressed more slowly than in flic 

tients in this gi oi I 
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first group. Distention, constipation, dyseliesia, and abdominal pain 
were always present, but were so vague and inconstant and so obscured 
by other manifestations of the disease that the gi’avity of the obstruction 
was not recognized and no eifective treatment was instituted. 

In 2 instances (Cases 2 and 9) the cause of death was uremia. One 
patient died of sepsis (Case 4) and another of generalized eai-cino- 
matosis (Case 6). The remaining patients died of intestinal obstruc- 
tion, wliich thus was the immediate cause of death in 6.7 per cent of the 
74 patients who came to autopsy. 

COMSIENT 

An extensive search of the British and American literature has re- 
vealed no titles directly concerned with the tendency of carcinoma of 
the cervix to cause intestinal obstruction. Ewing mentions infiltrative 
compression of the rectum and Healy states that colostomy is sometimes 
required to relieve obstruction. Brief reference to the subject is made 
by Cutler and Buselilie, Cade, Warren, and Stout. Healy and Frazell, 
in 626 clinical cases of carcinoma of the cervix, found 9 rectal stric- 
tures, 3 of which required ''operative interference.” Maliphant, in a 
study of 500 eases, found 8 instances of intestinal obstruction due to 
carcinomatous stricture. Oal, in a clinical .survey of 2,320 eases, found 
carcinomatous involvement of the rectal mucosa in 13 patients, but 
does not mention obstructive lesions. 

Halter seems to be the only author who has attempted a comprehen- 
sive study of tile subject. In an analysis of 453 inoperable cases of car- 
cinoma of the cervix he found anatomic changes in tlie lower portion of 
the intestine in 87 eases (19.2 per cent). In our series of 74 cases, which 
can fairly be considered analogous, the incidence of rectal immlvement 
was 21 6 ])ev cent, a reasonably close agreement. In 11 of Halter’s 
ca.ses obstructive symptoms figured prominently in the clinical picture, 
lie considers obstruction to be an im[)ortant factor in the development 
of fistulas and stresses encirclement of the rectum opposite the level 
of the jiortio. We have already commented upon this type of involve- 
ment 

In an earlier study of 57 consecutive autopsied cases of carcinoma of 
the ccr\i\ one of us (B. P. ) found 14 in-'-tances of rectal involvement, 
excliisnc of fistulas. Stricture nas present in 7 cases, in 3 of which 
cohistom\ was rcipiircd, and death resulted from unrelieved intestinal 
obstruction in another case in this group. 

The thciapcutic measures ordinarily instituted for intestinal obstruc- 
tion arc aitidicablc in the cases in which it develops from caicinonia of 
the cci'MN I)ccomi)rcs,sion of the colon by tidal irrieration, as advocated 
In Waimcnstccn. is useful, and Treves states that symptoms of low- 
grade obstruction in advams'd cases of cervical carcinoma can be con- 
trolled h\ mild purgation and careful attention to diet. Colostoniv 
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JiowcNCi, seems 1o be an inescajJRblc step in most cases, and can con- 
tribute greatly bolli to llic patient’s comfort and to prolongation of 
life if it is not delayed too long. It has been performed with increasing 
frequency and with gratifying results on our service in the New Orleans 
Charity Hospital during the past year, and a deliberate effort is now 
being made to discover incipient obstructive lesions. The value of the 
operation is u'ell illuslivited hi the following cases, which are not in- 
cluded in this series because they did not come to autopsj^ : 

Mis. S. D. (ni-lOS92), a white female, 42 years of age, w’as treated with radium 
and x-rny in April, 1.0.S3, for squamous-cell carcinoma of tlie cervix. In October, 
1.033, she developed obstipation which lasted for nine days. Exploratory laparotomy 
showed the uterus to be adliereut to the left pelvic wall, and annular constriction 
of the sigmoid caused by tumor extensions. Colostomy was performed. The patient 
remained symptom-free until May, 1935, when reactivation of the growth appar- 
ently occuired. She died in July, 1935, nineteen months after operation. 

C. E. (III-G9541), a colored female, 4S years of age, had had a supravaginal 
hysterectomy for uterine leiomyoma in 1920. She entered the hospital in April, 
1936, with transitional-cell carcinoma of the cervical stump, for which she was 
treated with x-ray (1,500 r, x 4 over the pelvis), followed by the interstitial applica- 
tion of radium (2,400 ntg. lir.). In April, 1937, sire developed an obstruction 
of the rectum due to carcinomatous stricture, for which colostomy was done. She 
remained well until Julj', 1938, when a vaginointestinal fistula appeared. Eoent- 
genologic study of the gastrointestinal tract showed a communication between the 
ileum and the vagina. The lesion was thought to be a radiation injury and no 
surgery was attempted. Althougli the patient was alive in December, 1939, she 
was too ill to make the trip to the hospital and she died shortly afterward. The 
known period of survival after colostomy was thirty-two months. 

It is worth pointing out that rectal involvement does not necessarily 
mean that the patient’s condition is liopeless. Gal treated several of his 
patients with carcinoma of the cervix rvitli extension to the rectum by 
the implantation of radium, and 2 were known to be alive and well ten 
years and thirteen years later. 

SUMJIARY AND CONCLUSIONS 


In 74 squamous-cell carcinomas of the cervix wliicli came to necropsy 
at Charity Hospital of Louisiana at New Orleans over an eleven-year 
’■qU the incidence of carcinomatous obstruction of the bowel was 12.1 
^ ■ cent Intestinal obstruction was the immediate cause of death in 
^7 per cent of this series. The case records and the types of obstruction 
discussed In 5 eases the intestinal obstruction initiated the clinical 
. Obstruction also develops insidiously in treated cases, with 
picture. that alertness is required for its recognition. Co- 

symp om palliative measure and rectal involvement deserves 

lostomy ajj occasional so-called cure may he obtained. A 

vigorous ’ , (detection and prompt, adcriuate treatment of ob- 

plea is made ‘ ‘ arisin<v from carcinoma of the cervix, to effect 
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Finally, tliere is general agreement that a certain amount of pallia- 
tion may frequently, though not invariably, be obtained as evidenced 
by diminution of symptoms and piolongation of lite,- -■* It therefore 
seems I’easonable to state that irradiation should be strictly reseived 
as a primary form of treatment for cases that proie technically inopeia- 
ble, winch in our experience represents but 15 per cent of our cases 

PATHOLOGY 

Further definition of the problem has been piesented by the pains- 
taking uoik of Westhues,’" Gabiiel, Dukes, and Bussey.'’ and by Gil- 
chiist and David Caiefiil examination by them of aceumulatinsi 
suigieal mateiial has shoiin the incidcnee of node metastasis in rectal 
carcinomas to be in the neighliorhood of 60 to 70 per cent This is about 
tnice as high as had previously been realized It is probable that 
similar care in the examination of colon specimens noiild be equally 
surprising 

A consideration of these facts clearly delineates the problem and 
indicates both the tipe and extent of tieatment necessaiy to meet it 
By present da.\ methods a leasonable chance of euie mas obviously be 
obtained onlj by wide leseetion of the pnmary tumor accompanied by 
as complete a regional node lemoial as is anatomicallj’ possible To 
accomplish this, ad.iaccnt iinadcd oisrans, such as a segment of small 
intestine or luetei, a poitioii of the unnaiy bladder, the iiteiiis and 
its adnexa, or poitions ot the \aginal wall or piostate must fioqiiently 
lie lemosed en bloc vitii the tumoi When in rectal tumois thoie is 
exleiisue miohcment ot the infeiior mesciiteiic node chain, the in- 
ferior meseiiteiie aiteii nui\ be ligated at the point where it leai'Cs the 
aoifa m the expect, ition ot icmaining abo\e the diseased nodes 


OPIR\Ti\K MSXn.rMLXr 


.Such ineie.ismg ladiealness ot thought is lefleeled in a steadih using 
opeiabiliti late which Iteg.in .it the Lahei (’blue at .'i.S .I pei cent in 
1'I2') and lus usen to M jier cent dining the past (wo \ens. The 
(igiaes ot otheis haie imlicated a similar liend' ’’ =- In addition, 

the incideiKc ot .ihdominopei meal leetal leseetions pcitoimed has iisen 
to s') pel <ent, the h ss ladieal posteiioi leseclion and the nnleiior 
lescction btiiig emploied in a diminishing numliei of instances 


One ot (he chiet factois making (his poxsihic has been the two-stage 
lectai itsicdon hist desciibeil l)\ L.ihei in lim, and since somewhat 
modilied This pkm of piocednie 1ms iieimiffed the acceptance for 
Ksectioii of mans ,iged ))atien1s with degeneiatiio eiiculatoiv ciiain'es 
utucli !i.i\< tlmii on the \eige ot eeieinal actidents, eardme failme 
.uni uumia Actii.illi, !) per cent of patients on whom lesectimi is 
p.tloiiin.l at till cbmc aie belwieii seienti and eight\ le.iix ot a<'e 
Wlnrn p. itoiation of the tiimoi with ahseess foimatwn h.is occui'ied 
<ii.unag. m,u l.e instimte.l at the (i,M si., go, iheiehi peimittin- 
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much easier subsequent removal of the tumor without the risk of spread- 
ing infection. Jlany patients in whom extension of the groM'th to con- 
tiguous organs or structures has taken place, and who for other reasons 
are poor risks, have proved safely resectable by this means whereas the 
hazards of a Miles operation would almost certainly have been too great. 
In 16 per cent of instances it has been necessaiy to remove either 
partially or entirely some adjacent organ or other structures. 


In general, then, the two-stage operation has permitted more of the 
usual radical resections in poor risk patients and a greater number of 
the more extensive procedures in the good and average risk groups. This 
is true because rectal resection done as a second stage procedure is 
physiologically less disturbing than when carried out in one stage. 
There are several good reasons for this: (1) A well-functioning colos- 
tomy is already present; (2) careful exploration of the abdomen and 
division of the bowel have already been done at the first stage, thereby 
confining the second stage entirel}’ to the pelvis ; (3) coincident infection 
can be more adequately cared for either by actual drainage at the first 
stage (if perforation has occurred) or by irrigation of the tumor segment 
between stages; and (4) the resection may be done in less time for not 
only lias the colostomy been already pi-epared but the surgeon now 
knows exactly what must be done even before the abdomen is opened. 
In recognition of these advantages the two-stage operation is now carried 
out in about one-half of all resected cases. 


From time to time various objections to this procedure have been 
raised: (1) The opportunities for the development of those complica- 
tions which may follow any operation are doubled, (2) the abdomen is 
entered the second time through a potentially infected field, (3) adhe- 
sions resulting from the first stage may make the second stage more 
difficult than a Miles resection, and (4) the lapse of two weeks provides 
additional time for metastases to occur. The first of these objections is a 
valid one but is more than compensated for by the increased operability 
■mitted and by the proportionately better individual chances for cure 
Sered because more patients are treated by the abdominoperineal 
tl d and fewer by the less radical posterior resection. The second 
T- ction is sound in theory only. In actual practice, wound infections 
. 1 . sppn after the second stage operation and peritonifi.s ha.s been 
are rare J ^ ^ of postoperative death. In answer to the 

largely e stated that if the first stage has I)een properly 

rarel,- a'UI be found .1 the second s.ogo, 
done tiou ijitr of metastases occurring during the fourleen- 

Fegardmg ' ^ ^ it may be said that tliis factor must be 

day interval considers that the average duration of .s.vrnptoms 

small indeed w i treatment is from nine to twelve months, 

from onset to app m operability figures without diseu.s.sing at 

It is of litrte j mortality and end results, 

the same time operatue 
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When approximately nine of every ten patients seen are being oper- 
ated on, it becomes obvious that the hazards in some are unavoidaldy 
high. During the same period (1929-1939) pi*eviously mentioned, dur- 
ing which the operability steadily rose, the operative mortality dropped 
from 36 per cent to 12.4 per cent. There is little doubt tliat if all 
patients could be operated upon during the time when their lesion is 
still confined to the bowel wall — and this is unfortunately true of less 
than one-third of the total number — ^the immediate mortality could prob- 
ably be kept in the neighborhood of 5 per cent. 

If a reasonable operative mortality in surgery of the large bowel is to 
be maintained, strict attention to thi'ee important factors is essential: 

1. Adequate preoperative preparation. 

2. A carefully planned system of operative procedure in which unto- 
M’ard eventualities are anticipated. 

3. Institution of certain measures designed to reduce or eliminate 
postoperative complications. 

It is not possible to lay down any rule as to how long a preoperative 
period of preparation is necessary. There are a few very good-risk 
patients with small lesions for whom three days would suffice. At the 
other extremity are those dangerous-i'isk patients who present, in addi- 
tion, advanced lesions which forecast difficult surgery. Preparing such 
patients will require more time and much thought. A safe formula 
would be to allow as long as is necessary for an optimal re-e.stal)lish- 
ment of function both local and systemic. When a two-stage operation 
is decided upon preoperatively, a short period should suffice. 

The necessity for thorough decompression of the gastrointc.stinal tract, 
especially when some degree of obstruction is present, is now generally 
appreciated. Pleasures undertaken to fortify lowered cardiorenal re- 
serve, and to replace deficient fluid, salts, and blood, it mu.st be remem- 
bered. are no less important. It is doubtful if there is anything to be 
gained by the preoperative administi-ation of vitamin concentrates un- 
less there is good reason to believe that previous intake ha.s been inadc- 
(piate. 

There are probably no two surgeons who.se operative management of 
these eases is identical ami it is in many resjwet.s true that for each his 
way is best. However, beeanse of the frequently nnsusi)ceted silnafion.s 
which can ari.se during large bowel surgery, certain mea.snre.s are rou- 
tinely incorporated in all of these procedvires because of the added .safety 
which tliey contribute. 

Most important among these is spina! ane.sthesia. The complete mus- 
cular relaxation which it affords permits easy exposure of the operative 
site, makes the frc<iuent rehandling of the small intestine unneee.s.sary. 
and allows unbanqiered Wfunid closure. These advantages can only be 
fully appreciate<l when sm'h unforeseen misfortunes as the inadvertent 
entering of an iibseess cavity, or trouble.some bleeding dee), in the pelvis. 



648 


SURGKRY 


ai'c supcviinposed on an already difficult problem. Either pontocainc- 
ghicose'-'* or nnpercaine’- is used. 


It has also become a routine policy to have an inti'a venous infusion 
of normal saline solution runniiifr before operation is begun. Its pur- 
pose is to provide the anesthetist with a quick and ca.sy means of re- 
sponding to variations in the patient’s general condition by the prompt 
administration of appropriate intravenous medications or blood. Pro- 
longed drops in blood pressure as well as other less serious incidents arc 
thereby prevented. U.sually an ankle vein is selected because the neces- 
sary manipulation can be carried out here without interfering with the 
progress of the operating team. 

Since it is rarely possible to predetermine exactly M'hat type of pro- 
cedure shall be suited to the peculiar exigencies of each case, the type 
of incision employed is important. This is particularly true for lesions 
distal to the midpoint of the transverse colon. The ideal incision should 
permit easy exposure for the carrying out of whatever type of opera- 
tion seems necessary and should also, in healing, leave a solid abdominal 
wall. We believe that an incision through the outer third of the left 
rectus muscle fulfills both of these qualifications. It allows easy explora- 
tion of all of the abdominal viscera and may easily be extended either 
upward or downward for sigmoid or transverse colostomy ( either of the 
loop or Mikulicz types) or for one- or two-stage abdominoperineal resec- 
tion of the rectum. When freeing of the splenic flexure is necessary, 


tliis may be somewhat more easily accomplished here than through a 
midline incision. It is possible that this incision results in a somewhat 
higher incidence of weakness of the abdominal Avail or even hernia, but 
in our opinion, the ease of carrying out the difficult operative procedure 
more than compensates for this possible disadvantage. 

Among the postoperative complications of large boAvel surgery, shock 
and peritonitis have in the past occupied the positions of primary im- 
portance. Serious grades of the former have noAv been satisfactorily 
disposed of by routinely transfusing either during or immediately fol- 
lowing' operation. Peritonitis has been largely eliminated by the cm- 
nloAmient of the exteriorization resection (modified iMikulicz) type of 
mocedure for all colon lesions except those Ioav in the sigmoid. In 
t nors of the right colon such an operation has its greatest usefulness, 
the relative thinness of this side of the bowel as compared to the 
™ A- fni nm-tions as Avell as the higher degree of infcctiA'eness of its 
Tents inakes anastomosis in tliis region especially hazardous. The 
• fnlloAved in Mikulicz resections of the right colon is that de- 
technique jja]iey” in 3931. In a-Icav of the recent trend in the 
scribed b} i- colon aAvay from one-stage rcsec- 

treatment o car followed by resection at a second stage,’’ tlie 

tion toAA'ard anas “ have still another recommendation, 

Jlikulicz operation . ^ siii'de entering of the peritoneal caA’ity, 

namely that it pi‘snre"being accomplished entirely outside 

the subsequent colostoi . 
the peritoneal cavity. 
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Postoperative urinary complications are seen primarily following re- 
moval of the rectum and occur in about 75 per cent of these eases. 
EwerP has recently reported the experience at this clinic in the manage- 
ment of these complications. They are rarely fatal but may be ex- 
tremely troublesome and usually result from injury to the pelvic para- 
sjmipathetic nerves (nervi erigentes) arising from sacral segments two, 
three and four. Stretching or severing of these fibers produces diminu- 
tion in bladder tone, the degree and duration of which is proportionate 
to the extent of injuiy. Resection of large infilti'ating tumors of the 
upper rectum and rectosigmoid is most apt to cause bladder atony.-' 
To prevent urinary stasis, further loss in muscle tone, and ensuing infec- 
tion, it is useful to employ constant closed bladder drainage by means 
of an indwelling catheter for seven to ten days postoperatively. Occa- 
sionally slightly longer periods are necessary. In males moderate de- 
grees of prostatic obstruction pi-eviou.sly unnoticed may become evident 
because of weakened detrusor action, and are relieved by transurethral 
resection.^ 

END RESULTS 

To quote end results it is necessary to present cases of patients oper- 
ated ui)on five years or more ago.'* Of all patients seen between 1931 
and 1934 inclusive, 57 per cent of those having carcinoma of the rectum 
and 55 ])cr cent of those having carcinoma of the colon were subjected 
to resection. The combined operative mortality was 14.5 per cent. The 
five-year survival rate among resected cases was 44 per cent for the 
rectal group and 54 per cent for the colon group. Of all cases, both 
reseetalde and nonresectable, the total salvage was 25 per cent in car- 
cinoma of the rectum and 29.4 per cent in carcinoma of the colon. It is 
anticipated that, with the present operability figure now ranging around 
85 ]ier cent and with a somewhat smaller operative mortality, about one- 
third of all these patients may be expected to survive the five-year 
|)eriod. The five-year survival rate will not, however, increase propor- 
tionately with the rise in oiH-rability for not only does this latter reflect 
attempts at curing the more advanced and poorer ri.sk jjatients whose 
prognosis is known to be bad, but it also indicates an attcm])t at pallia- 
tion for .some iiafients who are beyond Iiojk' of cure. Actually, 10 per 
cent of all resections are now done in the presence of liver metasta.se.s. 
It therefore seems unliln-ly at the pre.sent time that anything additional 
will be aeeomi)lished by Ibis means. 


ri Tuni; adv.vnci-s 

l-'iii-tber adxanees can only result from more wide.spread attemiU.s at 
earlier diagnosis. Swintou and Iligginbothanr^ recently demonstmted 
ill :5(I0 patients with cancer of the rectum or colon that !)7.5 ])or cent 
complained of some form of bowel dysfunction. Yet the average time 
••lapsing l>cfore a correct diagnosis was made averaged nine tirtwelve 
iiioutlis in the rectal and colon cases respectively. I’oniparisou with a 
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similar study done five years earlier indicated that the diagnoses at 
present are being made no earlier than they were at that time. About 
30 per cent of the patients with rectal disease seen at the clinic had been 
given treatment for hemorrhoids within six months prior to the estab- 
lishment of the diagnosis of carcinoma. About 15 per cent of patients 
with right colon tumors are operated upon for appendicitis before a 
correct diagnosis is made. The truth of such figures is attested by the 
fact that only 15 to 30 per cent of the growths still remain limited to 
the bowel wall at the time of operation and may, therefore, still be 
considered early. 

Nevertheless, the diagnosis of cancer of the large bowel is not diffi- 
cult and can almost invariably be made by one of three simple pro- 
cedures, which in relative order of importance are; 

1. Digital examination. 

2. Sigmoidoscopic examination. 

3. Barium and contrast enema. 


Since carcinoma of the rectum makes up a little more than 50 per 
cent of all malignant large bowel growths, digital examination alone 
will account for approximately that number. An additional 25 per 
cent may be diagnosed on sigmoidoscopy and the remainder by barium 
enema. Very occasionallj^ suspicious but inconclusive roentgenologic 
findings will require exploratory laparotomy for verification. 

The practice of ordering a barium enema without having done at 
least a digital examination has resulted in many a missed diagnosis 
because the negative x-ray report usually obtained induces a false sense 
of security. The late Dr. D. F. Jones frequently emphasized this. 

What can be accomplished by early diagnosis has been clearly demon- 


strated in many recent reports dealing mainly Avith cancer of the rectum. 
As long as the groAvth remains confined to the rectal Avail the chance 
of cure is better than 90 per cent. When the perirectal tissues become 
invaded and the nodes still remain free of disease, from 60 to 70 per 
cent probability of five-year siArvival still remains. After regional node 
involvement has taken place, hoAveAmr, the opportunity for cure falls 


to betAveen 15 and 20 per cent.’ 

There is little doubt that many if not all cancers of the large boAvol 
originate as benign polyps. Junghanns’= found evidence to support 
this relationship in 70 per cent of cases of carcinoma of the colon studied. 
On the' other hand, all benign poI.A'ps do not become malignant, though 
av be relied upon to remain benign. Opinions vary as to Avhat 
^atre eventually undergoes malignant change. Among lho.se that 
percen « „ ^ variable time period of transition Avhich 

do, hcAACA ’ mar"in of safety from the standpoint of diagnosis, 

provides a P measure of future succe.ss mu.st depend on the 

ObAUOUSly 1 ! ‘ ® recognition of, these preeaneerous lesions, 

more gcuoi'a accordingly be mentioned. It i)rohnl)Iy 

Their high wmon ^ (s„sman,“ 6 per cent; Sfoivarf,'’ 4-19 per 
ranges around a per 



EECEXT ADVANCES IX SURGERY 


651 


cent). Lawenee*® has reported the low figure of 2.37 per cent, but one- 
quarter of his cases were children. Feyrter® has reported an incidence 
of 21.5 per cent (probably too high) and has pointed out, a.s have others, 
the rising frequency of occurrence Avith advancing age. Such studies 
are based on large series of consecutive autopsies and may properly be 
considered to represent cross sections of the population. 

The diagnosis of polyps depends largely on proctoscopy and the con- 
trast enema. Even large rectal polyps may frequently be missed oh 
digital examination because of their soft eonsistencj*. The discovery 
of polyps on digital or proctoscopic examination always calls for com- 
plete large boAvel study bj’ barium and contrast enemas, not only in the 
search for other polyps but to rule out carcinoma. Such enemas should 
be repeated at appropriate intervals probably not greater than six 
months in order to detect the development of carcinoma in its incipi- 
eney. Accessible polyps should be dealt with locally and here fulgura- 
tion alone or, sometimes better, combined with low penetration irradia- 
tion of their base is indicated. Bulky polyps of the colon may be treated 
by colotoray and local removal.® It should be mentioned here that in 
any exteriorization resection procedure done on the colon, closure of 
the resultant colostomy should not be accomplished until both loops have 
been colonoscoped as far as is possible and all polyps destroyed. 


SUJIMARY 


1. The di.scouraging re.sutts of irradiation therapy and the high inci- 
dence of regional node metastases have greatly clarified the surgical 
problem involved in the treatment of carcinomas of the colon and rectum. 

2. Increasing radiealness in the removal of the pi-imaiw tumor as 
well a.s of the lymphatics draining it has been the re.sult as indicated 
by a steadily rising operability rate. 

3. 51ucli credit for making this po.ssiblc is due to the advantages of 
tlic two-stage rectal resection. 

4. Tile accompanying decrease in postoperative mortality is largely 
attributed to more careful preoperative preparation, increasing opera- 
tive experience, and the employment of certain measures aimed at jire- 
venting the more serious po.stoperative complications. 

The eiul rc.sults in patients treated during the years lf)31 to 1934 
inclusive have been cited and the hope expre.ssed that with the more 
recently inerea.scd oiierabilily even a greater numlicr will be perma- 
nently benefited. 

(i. Any appreHable future advances, it is believed, can be made only 
through more widespread attempts at earlier diagnosis. 

7. The role ot intestinal jinlyps in the development of carcinoma is 
discussed. 

in:iT.RExcr>^ 


], Ml,’)!. A. W.: 

ItCtT. 


Itigltl ( oli-oUimj fiir M!ili};ntoit I)i-cjivc_ .1. jgg 
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REVIEW OP THE SOUTHERN SURGICAL ASSOCIATION 
jMEETING, DECEJIBER 9-11, 1941, PINEHURST, N C. 

D. IlnxKY PoEU, JI D , xVtlakta, Ga., akd Guy W. Horsley, 31 D , 

Richmond, Va. 

(From Ihc Viptirtmcnlx of Surgery, Emory University, and Medical College of 

Virginia) 


T ee fifty fourth Annual Session of the Southern Surgical Association 
i\as held December 9, 10, and 11, 1941, at the Carolina Hotel, Pinehurst, N C. 
Attendance nas the largest in the Association’s histoiy nith lot members and 
170 \isitors and guests registered Thirtj seien of the forty listed papers ivere 
read. 

H. H. Kerr, Washington, D C , ga\ e the Presidential Address during the annual 
banquet of the Association and discussed the Importance of Proper Selection of 
Men for Our Armed Forces during the present conflict He stressed the need for 
more complete psichiatric examinations to need out the mentally unfit smec 
this group has become such an economic liability since World War I He also 
discussed the surgical program for the present mobilization and improiod treat 
inent methods that haio done much to lover mortality and restore injured sol 
diers to front line scr\ ice in a mininiutn time 


1 J. D. Rives, New Orleans, La : Anatomy of the Attachments of the Dia- 
phragm and the Relation of these Attachments to the Problems of the Surgery of 
Diaphragmatic Hernia — Causes of diaphragmatic hernia verc found to be (1) 
defects in the dexclopmcnt of the diaphragm, (2) trauma, and (3) infection 
The author noted that the weak gap in the dexelopmcnt of the diaphragm was 
found more frcriuentlv in the left side He described methods for operative 
relief of anterior defects which was accomplished by dissection of the trans 
versus muscle allowing the diaphragm to be pulled over the defect Thus the 
imisile Imomes part of the diaphragm Omentum was used to cover raw area 
For < Insure of posicnor defects he suggested resection of the tenth rib, sliding 
a flap of the latissimus dorsi muscle over the defect and suturing it to the 
imirgin of the diaphragm Results were satisf.icfory after a 2 year period, 

2 S W Harrington, Rmhestcr, Minn Diaphragmatic Hernia. — The results 


of a studv Ilf di.ipbragmatK hernia in ihildrcn was presented and compared 
with the siiac londition in adults He noted that from 190S to 1923 there were 
onU .’,1 la-es at the Mavo Chnii, two being in children, but from lOJG to lOll 
there wcri TOO < i-cs, 301 of wln.h i mie to ojicrition Of these 23" were in 


aduUs with eleven vleaths and 2t iw cbiVvIten, with four deaths The innionty 
of all lb nils were caused b\ cardiorispirnton disease often assoii.aled nit'li 
pmuimimm -r pnlmoiuin rollapse He noted an iiiereising ha/nrd of the opera 
tion ns the ihild gn w oldi r and advoialcil siirgerv as s,,o„ ti,p (bag„ 05 j» 

was mndi Mt«oageim„t of ilmphragm itie herntn in ehildrcii w.is diiTercnt 
liiiaiise most wire due to longenital dovolopmi ntal defeils, while the hiatus 
heru.i was fre.,u,.nt!v seen ,« adults The short esophagus and plcuronori- 
ton< iJiH U|>r« 3'rrf‘ r»hk, * 


lj» M U' tl ffi'^ 1 ub\K itlon J'^fi 22, 1*M2 
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Discussion: A. O. Singleton, Galveston, Texas, pointed out the need for the 
roentgenologist becoming more "conscious” of diaphragmatic hernia. He 
questioned the point of approach and preferred the transthoracic n-ithout re- 
moval of the ribs, to the abdominal. He found the cases vith congenita] absence 
of a portion of the diaphragm most difficult to repair and mentioned the use of 
large pieces of autogenous graft. In closing. Hives .stated that he approached 
this t.vpe through the abdomen using transplants of the transversalis abdominis 
muscles attached to the dome of the diaphragm. Harrington also approached 
this type through the abdomen. He stated that the phrenic nerve should bo 
interrupted in most cases. 

3. A, W. Allen, Boston, Mass.: Gastric Resection for Duodenal Hlcer: Tollow- 
Up Studies. — Of 2726 cases of duodenal ulcer treated at the hlassachusetts Gen- 
eral Hospital, 588 or 21 per cent had surgical methods used. Operation n-as 
performed for perforation in 24.3 per cent, for obstruction in 32.8 per cent, and 
for pain or hemorrhage in .31.9 per cent. Posterior gastroenterostomy and resec- 
tions -vvere done in the same number of cases vith identical mortality (9.3 per 
cent). The popularity of resections has increased during the past 4 years n-ith 
a corresponding decrease in the number of posterior gastroenterostomies. Sixty- 
seven marginal ulcers were observed following posterior gastroenterostomy, two 
as late as IS years although two-thirds of the whole occurred within 2 years of 
operation. The results following the Pinsterer exclusion operation were poor, 
and only fair following pylorectomy, but were noted to be good following .sub- 
total resection. 

Twenty-six resections were performed since 1938 with iive deaths, and one 
poor result. Other cases are apparently cured. Peritonitis, pneumonia, hemor- 
rhage, fistula, and stricture of the common duct caused the complications ob- 
served in this series. Allen concluded that the results were better and the mor- 
tality lower following subtotal resection, provided at least one-half of the stom- 
ach and the pylorus including the pyloric sphincter are removed. 

4. Waltman Walters, Rochester, Minn.: Gastric Ulcer or tricerating Carcinoma 
(abstract). — ^It was noted that some gastric ulcers heal satisfactorily but that 
many recur at a later date. No conclusive evidence concerning the healing of 
chronic ulcers under medical treatment could be found. Roentgenography and 
gastroscopy could not be relied upon entirely to exclude malignancy and the 
author cited illustrative cases. Since gastric acidity and tissue susceptibility 
cannot be continuously controlled under a medical regime, he considered recur- 
rences understandable. In proved cases of gastric carcinoma, the first symptom 
was that of ulcer in 33 per cent and an "effective” response to medical treat- 
ment was obtained in 80 per cent of cases of cancer with ulcer symptoms. The 
diagnostic value of gastric acidity was lessened when he found that only 50 per 
cent of patients who had carcinoma had gastric anacidity and that in 20 per 
cent of the cases the value for the gastric acidity was as much as 30 according to 
the method of Topfer. Walters preferred gastric resection for trentmoiit of 
large chronic ulcers that do not respond to medical treatment. He called atten- 
tion to the fact that a roentgenographic report of gastric nicer had hoen made 
concerning 10 per cent of a large group of patients operated on for cancer of 
the stomach. 

Discussion: '£• 'W'. Bancroft, New York, N. Y., described an interesting case 
of ulcer on the lesser curvature in which one-half of the ulcer was found to ho 
Tenant at operation in 1930. A second operation recently performed revealed 
lareinal ulcer with hemorrhage. He .advocated coring out of the mucous mcm- 
e of the pylorus when its removal is impractical, and also included a part 
ofThe normal stomach. B. L. Sanders, Memphis, Tcnn., also had olxscrvcd the 
increasing popularity of gastric resection for chronic ulcer in comparison to 
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posterior gastroenterostomy and stated that his results justified the change Ho 
stressed the importance of removal of the pylorus to insure good results. E. L. 
Payne, Norfolk, Va., discussed the problem of closure of the duodenal stump and 
requested information in regard to preventing n duodenal fistula. In closing, 
Allen emphasised the necessity of performing a complete operation including 
removal of the pylorus. To prevent duodenal fistula, he stated that enough cuff 
of bowel w'as needed for two rows of sutures for infolding and advocated a two- 
stage procedure if necessary. Walters stated that the results of gastric resec- 
tion for chronic gastric ulcer w'crc almost perfect, but, when partial gastrectomy 
ivas performed for duodenal nicer, in his experience, recurrence took place in 
2 per cent of the cases. 


5. Mims Gage, New Orleans, La.: Aneurysm of the Abdominal Aorta: Pailure 
of Ohliteration by Ligation (abstract). — A review of the literature on ligation 
of the abdominal aorta for aneurysm uas outlined. The author reported a case 
of aneurysm of abdominal aorta in which he ligated the abdominal aorta above 
tlic bifurcation witli cotton tape. The pulsations returned m the aneurysm sac. 
Three months after ligating the aorta, he ligated the right common iliac with 
three ligatures. It was then discovered, due to shrinkage of the sac, that the 
aneurysm i\as one occurring at the bifurcation of the common iliac ishich had 
ruptured. Both procedures failed to cure the aneurysm. Gage reviewed H.'i 
cases and found that syphilis and arteriosclerosis were the chief causes of w’eak 
ness of the aortic wall that resulted in aneurysm formation. Signs and symptoms 
included pain, the presence of tumor (expansile pulsation .50 per cent), pulsation 
e the tumor, and a bruit. Experimentally, the dog ’s aorta (which cannot bo 
compared to the human aorta) had been occluded with: (1) round ligatures, (2) 
a cotton tape, (3) metal bands, clamp and compressors, wire, tin, and aluminum, 
( ) rubber bands, spring devices, fascia plugs, cellophane, and sclerosing solu- 
lons. In the human being, ligatures have consisted of lotton tape, liraided silk, 
ascia lata and aluminum bands, intra-aortic plugs of fascia, and steel springs 
ompHeations usually result from rupture of aorta at the site of the ligature 
especially round ligatures and metal bands) or the aneurysm sac itself Para! 
ysia of the legs and urinary bladder docs not infrequently ociur but fortunately 
>s a temporary aHair. Gangrene also occurs following ligation and is due to 
incflieicnt collateral circulation. This is a very serious complication. Sudden 
^^ovation of the blood pressure occurs, with acute dilation of the heart. De 
rcasei cardiac output and embolism also may result Treatment requires 
'5<!vclopmont of collateral circulation plus obliter.ition of the aorta 
of In aneurysms of the bifurcation, lumbar sympathoi tomy 

e thoracic aorta (Sinithw ick ’s thoracoabdominal procedure) is adiocatcd. 

DW Baltimore, Md.: Successful Experimental Ligation and 

tlio ° Thoracic Aorta. — ^The successful ligation and division of the 
experimental animals (dogs) was described The author 
lo'the^f '' C'^Perimcntnl work and considered his failure to be due 

ah change in the caliber of the vessel was produced too 

nliitl uoiiyielding material was used. He used wide rubber bands 

prodiif ' r*'***' prevent cutting through of the vessel wall and yet 

sta/*'*' Rtudiml compression of the vessel. The bands were applied in three 
cir.tT 'cssel divided after about three or four months when collateral 

developed. 

this Htlrvey B. Stone, Baltimore Md., cmphnsi/cil the iinporfaiice of 

it Ba"^ "ling the new lonccptions of vascular siirgerv that had resulted from 
evpcriiii^*^ ^tishvillc, Tcnn., likewise mentioned the value of these 

ii, . 1 . ' " ''tnted that possibly the hypertension produced nmv he due 

name eaiisps j]|u| produced by the Goldbhitt chimp in cutting of flic 


to tin 
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Discussion: A. 0. Singleton, G.alveston, Texas, pointed out the need for the 
roentgenologist becoming more “conscious” of diaphragmatic hernia. He 
questioned the point of approach and preferred the transthoracic rvithout re- 
moval of the ribs, to the abdominal. He found the cases ivith congenital absence 
of a portion of the diaphragm most difficult to repair and mentioned the use of 
largo pieces of autogenous graft. In elo.sing, Hives stated that he approached 
this tj'pe through the abdomen using transplants of the transversalis abdominis 
muscles attached to the dome of the diaphragm. Harrington also approached 
this type through the abdomen. He stated that the phrenic nerve should bo 
interrupted in most cases. 

3. A. W. Allen, Boston, Mass.; Gastric Resection for Duodenal Ulcer; Rollow- 
XTp Studies. — Of 2726 cases of duodenal ulcer treated at the Mas.saehusett.s Gen- 
eral Hospital, 588 or 21 per cent had surgical methods used. Operation was 
performed for perforation in 24.3 per cent, for obstruction in 32.8 per cent, and 
for pain or hemorrhage in 3ri.9 per cent. Posterior gastroenterostomj- and resec- 
tions U'cre done in the same number of cases rvith identical mortality (0.3 per 
cent). The popularity of resections has increased during the past 4 years with 
a corresponding decrease in the number of posterior gastroenterostomies. Sixt.v- 
seven marginal ulcers were observed following posterior gastroenterostomy, two 
as late as IS years although two-thirds of the whole occurred within 2 years of 
operation. The results following the Finsterer exclusion operation were poor, 
and only fair following pylorectomy, but were noted to be good following sub- 
total resection. 

Twenty-six resections were performed since 1938 with five deaths, and one 
poor result. Other cases are apparently cured. Peritonitis, pneumonia, hemor- 
rhage, fistula, and stricture of the common duct caused the complications ob- 
served in this series. Allen concluded that the results were better and the mor- 
tality lower following subtotal resection, provided at least one-half of the stom- 
ach and the pylorus including the pj-loric sphincter are removed, 

4. Waltman Walters, Rochester, Minn.: Gastric Ulcer or Ulcerating Carcinoma 
(abstract). — It was noted that some gastric ulcers heal satisfactorily hut that 
many recur at a later date. No conclusive evidence concerning the healing of 
chronic ulcers under medical treatment could be found. Roentgenography and 
gastroscopy could not he relied upon entirely to exclude malignancy and the 
author cited illustrative cases. Since gastric acidity and tissue su.sceptihility 
cannot he continuously controlled under a medical regime, he considered recur- 
rences understandable. In proved cases of gastric carcinoma, the first symptom 
was that of ulcer in 33 per cent and an “effective” response to medical treat- 
ment wa.s obtained in 80 per cent of cases of cancer with nicer symptom.s. The 
diagnostic value of gastric acidity wa.s le.s.scned when he found that only 50 per 
cent of patients who had carcinoma had gastric nnacidity and that in 20 per 
cent of the cases the value for the gastric acidity was as much as 30 according to 
the method of Topfer. Walters preferred gastric resection for treatment of 
large chronic ulcers that do not respond to medical treatment. He called atton- 
r ^ to the fact that a roentgenographic report of gastric nicer had been made 
"'kerning 10 per cent of a large group of patients operated on for cancer of 

the stomach. 

- - • r W. Bancroft, New York, N. Y., described an interesting case 

Discussion. curvature in which one-half of the ulcer wn.« found to ho 

of ulcer on 59.30. A second operation recently performed rcvenled 

malignant vgnmrrlmge. He advocated coring nut of the nuicou.s mem- 

a marginal u cer wi . removal is impractical, and al.so included n part 

hrane of the py orus jj j, ganders, Meniphi.s, Tcnii., also had observed the 
of the normal stomnea. - • chronic ulcer in comparison (o 

increasing popularity ol g- ■ 
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Preliminarj- ligation of the iplenie artery and a si'tematic control of the 
circulation of the spleen before it is deliiered out of the abdomen assures an 
almost bloodless operation The splenic bed is readily approached for the control 
of the oozing lessels befoie closure of the abdomen is done. Illustrations and 
motion pictnres ivere giien to clarify these statements. 

11. Joseph E. J. King, Keir York, K. Y.: Oxycephaly (abstract).— A descnp 
tion of the operation first proposed and earned out by the author in 1936 nas 
gnen and the details of 1 cases presented Two of these were operated upon 
hy Barnes IVoodhall of Duke University Hospital bv the same method. The 
condition of oxicephaly is due to premature closure of the «utuie lines, and 
unless the process is arrested these patients neier reach adulthood The scrap 
toms and signs arc headaches, irritabilitj , marked exophthalmos, failing nsion, 
fonxulsions, and finally loss of eyeballs and life. Eocntgeiiograms show marked 
similantj in all cases, le, generalized com olutionai markings, depression of 
the fossae of skull, nai roving and deepening of the sella turcica, shallowness of 
orbits, absence of sutuie lines, and protrusion of lover yaw The author described 
the method of surgical procedure used in his cases, which consisted of morcella- 
tion of the calianuni produced bx' making many burr hole openings, and cutting 
betvecn them with a DeYilbiss rongeur to create numerous skull segments which 
readily adapted theniselxes in conformation position This resulted in correction 
of the deformity and relief of the symptoms. The results were satisfactory 
Discussion: M. B. Woodhall, Durham, K C. mentioned the 2 txpes of this 
condition, mz , (1) eramofacial xsitn hyperplasia of the maxilla, and (2) skull 
deformity He had operated upon thiee patients with restoration of cranial 
symmetry He included subtemporal decompression in his operatix’e procedure 
12 Claude C. Colemau, Rn hmond, Va ; Treatment of Compound Practuie of 
the Skull {. distract) — The main emphasis vas placed on the importance ot 
early complete operation on all open vound« of the head The principles of 
treatment for contused laceration of the scalp were the same as those employed 
for more sex ere injuries such as compound fractures with laceration of the dura 
and damage to the brain Coleman has found from aiialxsos of sex oral large 
senes ot acute head inturics that shock, as determined by clinical examination 
and blood pressure estimation, dex clops m Joss than 30 per cent of the total 
number of cases admitted to his clinic Darlx operation, that is vithin 6 to S 
hoars, can bo done in .i large niaioritx of cases of compound fracture of the 
skull If shock IS present, treatment should bo directed to this condition and 
cxcrxthing axoided that xxonld tend to increase shock If (Omplcto operation is 
delaxed hecau'C of shoi k. he aclxocated shnxing the scalp around the xxoiind, 
controlling external hemorrhage, dusting the xvoiind with sulfanilamide orxstals, 
and apple ing a sterile liandnge He further cniphasi/cd the thorough disin 
fei tiou of the xxouiiil lie large rpiantilies of sterile solutions and the axoidance 
of < heuu< als M o erated lir.iin tissue, blood < lot and other debris should be 
reuioxcd bx thi sen tioii apparitus and hemorrhage carefullv controlled. An 
other [Mont strp'sed in the paper v.is the importame of elosing the dura in all 
cases in xxhuh it has been torn bx the fracture Closure of the dura, he said, 
va- c-iasiallx im]ionaiu iii fracture lucohing the frontal and ethmoid simiscs 
Dram igi hii- not been used In the center in such ea«es Chemotherapy is 
ailco. iti I m the tri itment of all eases vith dur il penetration and in fractures 
of the b i-i nheii it is beliexed th it the diir.i has been Hi erated. In a senes 
of 2-‘l ioio|ionnd trutiires the total mortalitx x\a« lO.'i per eent xxitli operatixo 
Oiortalitx of 1 J per 1 ent * 


ti,„u-.on Chalmers n Moore. Itirmingham \la . stated 
„pjo-ili loithods of tre itment. Slioik uas pre-ent in most of th,’ 
lo loin and op, ration v i- (Waxed \t (he end of 2( hours 
,arrod out in ihe mnnii. r de-,nbed bx tho author. 
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blood supply to the kidney. In closing, Owings stated that study of the kidneys 
showed normal function and section and the hypertension therefore was not 
the same as that produced by the Goldblatt clamp. He stated that the rubber 
bands stay when they are placed and maintain their elasticity, but occasionally 
a band had cut through the vessel. 

7. George G. Tinney (and John K. Owen, by invitation), Baltimore, Md.; The 
Surgical Aspect of Congenital Absence of the Gall Bladder with Report of Two 
Cases (abstract). — Reports of forty-six instances of congenital absence of the 
gall bladder without any congenital anomaly were found in the literature by the 
authors and 2 cases were added. Stones were found in the ducts in the 11 
cases where full data was given. The common duct was insually dilated with 
obstruction of the duets, pain, and jaundice. The first patient, a GS-year-old 
male, entered the hospital complaining of acute abdominal pain thought to be 
produced by biliary colic. He had an old ulcer history- dating back some 10 
or 12 years. At operation, exploration revealed the scar of an old ulcer, but 
no gall bladder could be located. The common bile duct was dilated only 
slightly, but when opened, two imbedded stones were removed. The second 
patient, a female G9 years of age, also had abdominal pain indicative of biliary 
colic and evidence of cardiac decompensation. No gall bladder was found at 
operation and the common bile duct was dilated and contained two stones. The 
first patient recovered but the second one died 24 hours after operation due to 
cardiac failure. Autopsy revealed no evidence of gall bladder either extra- or 
intrahepatic. Hugh H. Trout, Eoanoke, Ara., told of a case in which gall bladder 
visualization showed evidence of a double gall bladder, only one of which 
contained stones. 

8. Harold L. Boss, Danville, Pa.: Intestinal Obstruction Due to Gall Stones,— 
The high mortality resulting from intestinal obstruction caused by gall stones 
was pointed out by the author and the frequency of such obstructions among 
all obstructions uas found to be 4 per cent in Iris clinic. The stone usually passes by 
ebolecystenteric fistula. .Symptoms were those of ileus and may be absent or 
intermittent. Stones usually' lodge in the lower ileum (78 per cent), but also 
have been found in other portions of the intestine or colon. The duration oi 
the obstruction before hospital admission of the author's 10 cases was •'5.2 days 


and the mortality 50 per cent. Delay was mentioned as the chief cause of the 
high mortality. 

Discussion: Edward V. Mastin, St. Douis, Mo., presented 5 cases in which 
gall stones caused intestinal obstruction and advocated loop ileostomy as a 
rrrethod of lowering the higli mortality. This was sncccssful in the .O of his 
eases in which it was used. George G. Finney, Baltimore, Aid., added 3 cases 
with one death. One of these had two operations. 

p Edwin F- Lehman, Charlottesville, A'a.: Annular Pancreas as a Cltnical 
Problem (abstract).— A case of annular pancreas, one of 4.8 in the literature. 

s reported A discussion of tire clinical aspects of the 9 previous cases tliat 
rTd come to operation was given and a case presented which uas the first U 
i-c-h tlic diagnosis was made before operation. The anomaly is the result 
C '• nnmlete migration of the ventral nnlngc and apparently creates symptoms 
^ nanereatitis occurs. The .symptoms arc those of ehrorric drtoderurl 
only -sviien , posterior gastroenterostomy has l)ccn the more popular 

obstruction. pf U,c ring with or withorrt resection is advised, 

operation, <1 Galveston, Texas: Splenectomy.— The indications for 

10. A. O' ' j technical presentation which is calculated to 

splenectomy .,nV,tv in splenectomy. A lateral transverse incision is 

the opera I'C in most tletail** and nvndlent evpo'iiire of llir 

which 11 not only gives good exposure of the oi.crativo 


given w 

operativ 

field but preserves 


operative ^'®^‘^’ _.J’j^g7iifog"rity of the abdominal wall. 
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From his experience he stated while age is a hazard it should not be con- 
sidered a contraindication to operation. Occasionally he thinks it is ad'isable 
to operate on patients where there are one or two doubtful nodule.s in the liver 
which may be nietastases but also could be benign tumors of the liver such as 
adenomas or an^omas. The life expectancy of patients with definite liver in- 
volvment is about 10 months. Even though marked obesity makes the case more 
difficult, it is certainly not a contraindication. Sixty-five per cent of the patients 
with cancer of the rectum will show ly'mph gland involvement. The one-stage 
combined abdominal perineal resection is the operation of choice and in the 
last five years there have been only four two-stage operations as against 112 
one-stage operation. 

Discussion: T. W. Eankin, Lexington, Ky., agreed that everything should be 
done to extend the operability in these ea.ses. He considered the one-stage 
modified Miles operation to give the best results, with an operation mortality 
of 5 per cent to 10 per cent. Harvey B. Stone, Baltimore, Md., stressed the 
value of the one-stage operation but when attempting to extend the indications 
for opera bilitj' he varied the procedure. W. B. Marhury, IVashington, D, C., 
discussed the use of a tube through a cecostomy in order to clean out the bowel 
if obstruction had taken place. He noted a lower infection percentage follow- 
ing this procedure. In closing, David pleaded for giving all doubtful cases a 
chance, since the nonoperative treatment is hopeless. 

16. John E. Cannaday, Charleston, TF. Va.: The use of the Cutis Graft in 
the Bepalr of Certain Types of Incisional Hemiae (abstract). — Cutis takes on 
the function of either fascia or tendon if grafted between or in place of these 
structures. In obtaining the graft either Thiersch or split skin grafts are first 
taken from the donor .site after which a graft of suitable size and shape is taken 
from the underlying derma including a layer of fatty tissue underneath about 
one centimeter in thickne.ss. This constitutes the cutis graft. After the graft 
has been sutured into its new location and the repair operation has been com- 
pleted, the area from which the graft has been taken is repaired either by 
closure with interrupted tension sutures or, in case a split .skin graft has been 
removed, the latter is secured in place so as to cover the raw surface. If the cutis 
graft is to he used for repair of hernia or for replacement of tendon the thick 
graft from which the epidermis only has hecii removed is more satisfactory. 
In Cannaday 's opinion, entis has longer life than fascia, takes more readily, is 
not more liable to infection, and is more readily available. He partiruiariy 
prefers it to fascia in tbo repair of large incisional hernias, especially in cases 
in which it is impos.sihle to overlap the edges of the hernial opening. Cutis makc.s 
an excellent suture or ligature material and can bo used satisfactorily in varied 
typos of general surgery', also in bone and joint .surgery for the replacement of 
ligaments, and in the reconstruction of joints of the long hones. It is of especial 
value ill the filling out of defects in plastic surgery about the face, and for 
replacement purposes in certain eases of delayed skin transplantation. Both 
sulfanilamide and sulfathiazole, cither singly or in combination, and cotton 
threiol ‘-uHires were used in the pcrfomianee of the operations doscrilied. A 
short film was shown illustrating the technique and repair of a large ineisional 
I.eriiin. t^ix consecutive cases were reportcl, in eaeli of which priinarv union 
with satisfuciory results bad been secured. 


17. Joseph D. ColUns, rortsmonlh, Va.; a Method of Dlspos.nl of the Sac in 
Operations for OhUquc Inguinal Hernia tnbstract i.-The inguinal canal having 
oj»-iic.l i.y incjsiitg the ajM, neurosis of the external oldiipie. Ilie s.,e is <lis 
sorted npwnrds from its bed and freed from its attnebment. to the cord and 
orcmaMcr iniisch. Any inhierent nhd„„.i„a, viscera is released and allowed' to 
drop im.h luio the abdominal e.nvify. .Ui over ai.d ovcr silk suture is p-iss,.., 
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13. Walter E. Dandy, Baltimore, Md.: The Diagnosis and Treatment of Rup- 
tured Intervertebral Disc — Pertinent facts regarding the diagnosis of ruptured 
intervertebral discs based on careful study of signs and symptoms were presented. 
Dandy considered lipiodol and air injections unnecessary and frequently harmful 
because they could not disclose the lesion. He reviewed the historv of the 
development of the operation for the relief of this condition, pointing out the 
fact that it has now been simplified and is performed without harm or risk. 
The question of "concealed discs” was discussed since 25 per cent of hi.s serie.s 
Were of this type. He states that relief following operation was immediate or 
slow but permanent in his cases. Sixty-three cases had been operated upon in 
the past S months, a ruptured disc being found in each instance. 


Discussion: Chalmers H. Moore, Birmingham, Ala., brought out the "com- 
pensation factor” in a scries of 200 cases. The results of operation were good 
in 90 per cent without compensation, and bad in 85 per cent with compensation. 
He had similar experiences in 20 personal eases. George E. Bennett, Baltimore, 
Md., discussed the c.auses of low back pain and sciatica and outlined the many 
procedures carried out for their relief including manipulation, arthrodesis of 
sacroiliac joint, lumbosacral fusion, fasciotomy tenotomy of piriformis muscle, 
and the removal of ruptured intervertebral discs. J. E. J. King, Hew York, H. Y., 
requested information concerning hj-perfrophy of ligamentum flavum and also 
stated tliat if lipiodol is injected it should be removed on the same day. Dandy, 
in closing, stated tliat he was not convinced of the occurrence of hypertrophy 
of the ligamentum flavum. He also made the point that the back.ache due to 
rupture of intervertebral disc is recurrent and not constant. 

14. L. Wallace Trank, Louisville, Ivy.: Sarcoma of the Small Intestine. — A 
review of the recent literature on sarcoma of the small bowel showed the average 


age to be between 40 and 42. The symptoms are those of gradual obstruction 
associated with severe nausea and vomiting depending on the location of the 
lesion. Reports of 4 cases were given: (1) a spindle cell sarcoma in the terminal 
ileum, (2) a reticulum cell sarcoma in the jejunum — this case had symptoms of 
a duodenal ulcer and also bleeding from the bowel, (3) a lymphosarcoma in the 
jejunum 14 inches below the ligament of Treite — this patient vras a boy, aged 
18 vears who was thought at first to have an appendical abscess, and (4) a 
neurofibrosarcoma of the jejunum of an annular constriction type. All cases 
reported since 1932 were reviewed with the addition of these 4 new cases. 

15. Vernon C. David, Chicago, 111.: Extension of the Indications for Radical 


Operation in Cancer of the Rectum (abstract). — One of the chief problems in 
the radical operation for cancer of the rectum is to increase the limits of 
resectability. In those cases not operated upon the mortality i.s 100 per cent. 
David reported a scries of 277 cases of which 179 had the tumor removed with 
mortality rate of 7-2 per cent. One-hundred twenty-nine had a one-.itage 
Lmbined perineal resection, and there wore 22 other cases which had obstr.ic- 
f resections or local removal of the tumor. The chief cause for inoperability 
ilZer,nite metastasis to the liver, fixation of the growth to the base of the 
Ti tder or infiltration of the soft parts, particularly the prostate, reetovaginnl 
” and sacrum. In many eases the fixation of the tumor mass to the bladder, 

septum < ■ inni septum has not advanced to the point where resection 

“ ..,r;ous organs and tissues cannot be done at the same time radical 
of these i- gtom js carried out. There was only one paliont who was 

resection oi i account of age. This patient was ,81 years old and also 

refused iiistniice a colostomy alone was done. David's report 

had bronchitis. n removal of the fuiiinr, with 

shows that 3S patients ,,;tween the age.s of fi.7 to 79; 12 between fho 

four deaths, There ^ of 

ages of 70 to /•’’! 


SO to 85. 
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Green, Houston, Texas, stateci tliat the choice of anesthetic is quite important to 
prevent strain immediately after operation. In his opinion spinal anesthetic is 
the one of choice. E. d" Jones, Jr., Norfolk, Va., stated that for many years 
he and Dr. Payne had heen using fascia from the external oblique, the advantage 
being that no separate incision mould have to be made to obtain the fascia and 
its use, in his opinion, lou-cis the incidence of the recurrence. A, E. Koontz, 
Baltimore, Jitd., stated the army regulations at the present are different and that 
hernia is not considered to be present unless the sac can be definitely demon- 
strated. A largo opening of the inguinal canal is not considered to bo a contra- 
indication to military service. In his opinion large sheets of ox fascia which have 
heen preserved have all the advantages of either autogenous fascia or cutis 
grafts and none of the oh.iections. Horverer, he called attention to the fact that 
the ox fascia is in a preservati\e and this must be washed out with a saline 
solution for tiio hours or nioie before using. He stated that at one time the 
preseri atii e used f oi the ox fascia was inferior, howei er, this objection has 
now been overcome and within the last few ycar.s there has heen no difficulty 
in this respect. 

l!l. Waifield M. Titot, BaUiinorc, Hd.; Succinyl Sulfathiazole; A New In- 
testinal Antiseptic. — One year ago the author reported on his experience in the 
use of sulfanilylguanidinc with particular emphasis on whether it rendeis suigeij 
on the large bowel safer. Since then the use of this drug has heen discontinued 
lieiaiise (1) the dnig is absorbed and the low Wood level is due to its rapid 
urinary e.xorction, (2) the drug is erratic in its action, and (3) the drug is toxic. 
Since that time, E. M. Poth imestigatcd various other sulfonamide drugs and 
finally settled on succinyl sulfathiazole which has been used in 125 different 
cases. Prom their experience (Firor and Poth) they conclude that (1) it altcis 
the physical content of the bowel, rendering it soft and odorless, and (2) it 
lowers the concentration of certain pathogenic organs such as E. coU, FJexner, 
Hhitja, and Sonne. The succinjl radical prevents absorption. The bactericidal 
action i« apparently due to gradual liberation of the sulfathiazole in the bowel. 
The dosage is 0.2.5 Gm. per kilogram ecery 24 hours. The drug is generally given 
111 divided doses every 4 to 0 hours and .should be started 3 to 7 days before 
operation and continued two weeks postoperativ ely. Of the 125 patients in 
whom It was ii^cd, it was cffeetive in all hut six. Of thc'-e six, three had 
increased diarrhea, two had an increased amount of bleeding from an ulcerated 
larcinoina of the colon and one had iiostoperatVv e bleeding. In the latter case 
only 130 cc of blood were lost and there was no further complication They 
einphasi/c the fm t that it -hoiild be understood that this drug is an adjunct 
ami not a siibslitiitc for asepsis. 


Dis! iissKiii E. M. Poth, Baltimore, Md., snf>jrcstcd that one of the soluhlo 
siiifomimidc drugs he used just previous to operation in order to saturate the 
tissues tsiieiiiivl sntfalhiarolc is not effeetive in the typhoid and parutvplioid group 
hut It IS verv eOieient with Itai illarv dvsenterv. Twcnlv eases of liaeillarv dvsentcrv' 
Ic've lieen treated and all eompletelv recovered in 24 to tx hours. Attention was 


I abed to tiie fact that tins drug did not effeetively sterdire the bowel if tlierc were 
I hiiii ends or pom lies and it was imposs|),](> for the drug to reaeh the haLteria in such 
, iiiiditioiis E P. Lchm.in, t'harlottesville. \ a, used the drug nlioiit three weeks 
Slid vvSiile his ex)ii>rieiw ( s were not enough to warrant nnv eoiieliisK,n, his ohsenations 
were sn.nlar to those of tlie mitlmrs and m all . asps ilie i.lood remained low 

T-iror. in ■ le-mg tiie diseiiss.nn. s,..,,,.,! ,l,.„ „f eolostomv or tdmd poaches’ 

sw,.,-,iivl snlfathi-u.vle , mild lie ghon Imth i.v month and as enema irrigations, 

JO Dcn-1 Hart Durham, N. r.; Disinfection of the Air In the Opcratinir 
Room with BactcrlcUlal Radiant Energy. Correlation of the Intensity of E.aaia^ 
lion With Its Bactericidal EiTect._.Wa..s.us s,.ow marked lowering of 
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around tlio edge of the open end of the sac, completclj encircling it, and this 
suture IS tied looseh uitli a single Knot and laid aside The index finger la 
then inserted into the open mouth of the sac and passed through the necK of 
the sac into the pciitoneal taiiti, nherc it is made to impinge firmlv against 
the anterioi alidoininal nail at a point tno inches alioie the upper border of 
the internal ring The fibres of the internal oblique and traiisi ersalis muscle 
over the impinging fingei aic then separated donn to the transversalis fascia 
for a distance of an inch and a half This separation is held apart bv retractois 
With curied Kelly forceps, a puncture is made thiough the transi ersalis fascia 
and peritoneum o\er the impinging finger, and the point of the blades of the 
forceps IS pushed donn through the internal ring, hugging the anterior abdominal 
nail and in contact nitli the tip of the finger until it emerges from the mouth 
of the sac The suture in the mouth of the sac is diawn tightlv aiound the blades 
of the Kelly forceps and the Knot tied The Kelly foieeps are opened sufficienth 
to giasp the end of the tied suture and closed The forceps, grasping the end of 
the tied sutures, are then nithdrann fioni the piinctiiied opening in the trans 
1 ersalis fascia and peritoneum, dran ing the sac through the opening, therein 
inserting it When the sac is tliicK and bulKx', the opening may haio to be en 
larged to permit this procedure The inierted sac is then pulled outuard yith 
sufficient tension to eliminate anj ledundanei in the paiietal peiitoneum and thus 
abolish the hernial fossa The sac is transfixed and ligated, the excess distal to 
the ligature being excised The stump of the sac is then sutured to the edge 
of the opening of the transx ersalis fascia and peiitoneum uith a figure of eight 
sutuie The opening in the oblique and transieisalis muscles is closed ivitli 
sexeral intcnupted sutures The inguinal canal is then lepaired according to the 
desires of the surgeon 

IS Edward V. Mastin, St Louis, Kfo • An Opeiation for the Repair of In- 
guinal Hernia — Surgeons are able to close hernia satisfactonh in the loner 
angle but manj recurrences aie due to iieaKness about the internal inguinal ring 
Mastin suggested a new ti-pe of closure of the internal ring after the usual 
suturing of Poupait’s ligament to the conioined tendon and internal oblique 
muscle An incision is made in the upper part of the internal oblique musilc 
just 01 er the internal opening and the cord is brought out thiough this incision 
The muscles on the outside of the cord can be closed so that there is no constric 
tion on the vessels of the cord The aponeuiosis of the external oblique is then 
closed Tilth the cord heiug brought out in a similar manner through this fascia 
This places the coid on the outside of the extciml oblique and completely 
obliterates the middle of the inguinal canal 


Eiscussion- C. B Robins, Richmond, ALa , stressed the impoitame of exposing 
the piihic insertion of the rectus ahdoiiuii.ll iniisi los as, ,n Ins opinion, imisf 
rrences occur in the loner part of the imision and are dno to weaKiiess or 
hsence of the conjoined tendon W F Rienhoff, BaUimore, Md, stated that, 
^ T to the findings of Mastin, most recurrences at .Tnhns IlopKins Hospital 

con rar) loner v'\rt of the incision, whuli ho thinKs is due to tho .ibsonco of 

occurrcc in , - poier this defect the iascia from the rectus tin he 

‘ 1 " Tef not tiTrLd oier, and sutured in place Bradley L Coley, Ken VorK, 
r w Ucliexes the recurrences arc due to a iiiiiiiher of f ictors, espccialh to 
K r I * 55 pa in this area He stressed tho impnrfnncc of tlio proper 

defects of tie i „niseles lie also called attention to the mistakes 

suturing of tie ran p,;o„iiniiig pin s,eiiiiis during the first World War and 
nhich nero mace n n^oidiiig fheni m the present eim rueim In liis 

stressed the impor aric „,j;uiml rings hut no lienii i slioiild not be 

opinion a patient " ‘ , ^use tbc mmoriti of thise patieiils ni» neii r 

subjected to an of”" ' „„on is iinneccssarx and often imsiu ( i ssfiil C C 

dexelop a bcrnm and the op 
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Green, Houston, Texas, stated that the choice of anesthetic is quite important to 
prevent strain immediately after operation. In his opinion spinal anesthetic is 
the one of choice. R. D. Jones, Jr., Norfolk, Va., stated that for many years 
lie and Dr. Payne had been using fascia from the external oblique, the advantage 
being that no separate incision would have to be made to obtain the fascia and 
its use, in his opinion, lowers the incidence of the recuirence. A. E. Koontz, 
Baltimore, Md., stated the army regulations at the present are different and that 
hernia is not considered to be present unless the sac can be definitely demon- 
strated. A large opening of the inguinal canal is not considered to be a contra 
indication to military service. In his opinion large sheets of ox fascia which have 
been preserv ed hav o all the adv antages of either autogenous fascia or cutis 
grafts and none of the objections. However, he called attention to the fact that 
the ox fascia is in a preservative and this must be washed out with a saline 
solution for two hours or moie before using. He stated that at one time the 
preservative used for the ox fascia was inferior, however, this objection has 
now- been overcome and within the last few vears there has been no difficulty 
in this respect. 

l!l. Warfield M. Piior, Baltimore, Jld : Succinyl Sulfathiazole; A New In- 
testinal Antiseptic. — One v ear ago the author reported on his experience in the 
u-'O of sulfaniljlguanidine with partieulai emphasis on whether it renders surgerv 
on the large bowel safer. Since then the use of this drug has been discontinued 
because (1) the drug is absorbed and the low blood level is due to its rapid 
urinary excretion, (2) the drug is erratic in its action, and (3) the drug is toxic 
Since that time, E M. Poth investigated various other sulfonamide drugs and 
finally settled on succinvl sulf.athiazolc which has been used in 125 different 
lases Prom their experience (Piror and Poth) they conclude that (1) it alters 
the phvsical content of the bowel, rendering it soft and odorless, and (2) it 
loHcrs the concentration of certain pathogenic organs such as B. colt, Flexner, 
Shtga, and Sonne. The succinvl radical prevents absorption. The bactericidal 
action is apparently due to gradual liberation of the sulfathiazole in the bowel. 
The dosage is 0 2.i Gni per kilogram cv erj 24 hours The drug is generally giv en 
in divided doses evorj 4 to 0 hours and should bo started 3 to 7 davs before 
operation and continued two weeks postoperativ oly. Of the 125 patients in 
whom it was used, it was effective in all hut six Of these si\, three h.id 
iiK ronsed diarrhea, two had an increased amount of bleeding from an liberated 
inninoma of the colon and one had postoperative bleeding In the latter case 
only 150 e< of blood were lost and there was no further complication They 
cm|di.isi/e the f.ut th it it should be understood that this drug is an adjunct 
and not a substitute for asepsis 

Disiussion E. M. Poth, Baltimore, Md , snirjjpsted that one of the soluble 
sulfonamide linigs be used just previous to operation in order to saturate the 


tissues [smiinvl sulfatlua/ole is not effeitive in the tvphoid and piratvphoid groiqi 
bi.t It 1 ' verv efln lent with b u ill irv djsenterv Twentv eases of b icilpirv dysenterv 
hive lieeii tre ite<i ami all lomplctelj retovered in 21 to tS hours. .Vtteiition was 


. died to the fait that this .Iriijr ,l„l not effeitivelv sterilize the bowel if there were 
I Imd emls or pouches and it was impossible for the drug to re.n ii the bi< term in such 
< iimiiti'iiis B P. Lehman, t harlottesMlle, \ a, used the drug about three weeks 
cml while h,s , vp, nen, . s were not enough to warrant anv eomliision. his ol.senalmns 
«ere s„n,I,r to tloe. of the authors and in .all »as..s the blood level remained low 
Pwor ... .losing the d.s.i.p.on. s, .....i - 

sm, luxl sulf ithiazole , mild be g„en both bv mo.itl, ami as , nem , irrig-Uions 

JO Dcnd Hart. Durlmm. X r ; Disinfection of the Air in the Oneratine 
Boom with Bactericidal Ea.Uant Energy. Correlation of the Intensity of R^dia 
tlon with Its Bactericidal ElTcct.~.s=t„l.s„. . 
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following use of ultraviolet radiation in operating rooms. Several different types 
of installations of equipment ivere described. In the author’s opinion, contamina- 
tion of the air is the most important factor causing postoperative infection of 
clean wounds. He has noted that most infections occur during the months when 
respiratory infections are most frequent. In his opinion the entire room and the 
sterile supplies in the room should be irradiated and since proper irradiation has 
been carried out at Duke University Hospital, the infection rate has been lowered 
greatly and no fatal infection of clean wounds has occurred where radiation 
was used. 


21. Ealph G-. Carothers, Cincinnati, Ohio: Sprained Ankles (abstract). — The 
real pathology involved in the so-called sprained ankle is often a fracture or 
dislocation. Ability to rotate the astragalus after injection with novocain 
indicated dislocation according to his experience. Carothers discussed work on a 
cadaver showing that the astragalofibular ligament as well as the calcaneofibular 
ligament must be severed before the astragalus could be rotated in the mortise. 

Discussion: Clay Murray, New York, N. Y., stated that recurrent sprain of 
the ankle is not a sprain and that the astragalofibular ligament is never torn 
in sprains. Murray further stated that he believed if the tibiofibular ligament.' 
were cut, that there would be enougli broadening of the mortise to permit the 
same rotation as has been shown in the experiments and suggested that this 
experiment be made. George E. Bennett, Baltimore, jMd., described hi.s method 
of using fascia to tie the ligaments in the operation for recurrent sprain. Bennett 
also suggested that when the foot is plantar. flexed, a wider part of the astragalus 
comes in contact with the malleolus and this may tend to widen the moTtho. He 
suggested that these experiments be done. Isidore Cohn, New Orleans, La., re- 
garded most sprains as fractures even if fragments are tiny, and suggested more 
thorough x-ray studies. 

22. Howard Mahomer, New Orleans, La.: Acute Hematogenous Osteomyelitis: 
A Study of 178 Cases. — Following use of chemo- and immunotherapy in the past 
four years, mortality of acute osteomyelitis has been lowered from 21 to 6.6 per 
cent. Mahorner advocated conservative procedure consisting of hydration with 


electrolytes and blood transfusions, and chemo- and immunotherapy and minor 
operations only during early stages, delaying any major surgerj' until after better 
preparation of the patient and localization of the suppurative process. Ho felt 
strongly that a positive blood culture should be revcr.sed before contemplating 
surgery. He noted osteoporosis to be the flr.st x-ray evidence but seldom were 
positive findings seen before the eighth day. Necrosis of bone doe.s not alway.s 
occur even though the disease is extensive and sequestration frequently fails to 


appear roentgenologically or clinically. 

Discussion: Mims Gage, New Orleans, La., pointed out the two typos of the 
disease i.e., (1) profound systemic reaction with minor local symptoms, and 
fei mild svstemic reaction with intense local evidence of the disease. Oiicration 
1 the first group, especially if the blood culture was positive, was followed by a 
"ortality of over 50 per cent. He suggested novocain block of the sympathetic.' 
Tcvidcncc of vascular spasm existed, and also ligation of the femoral vein in 
' in eases. Joseph E. J. King, New York, N. Y., requested information in 
to the incidence of metastasis following the use of the siilfoimniidcs. 
-n Baker Durham, N. C., reviewed the four actions of the stfij)hyIococcns 
Lenox • ‘ ^ ti,e sympfomalology of osteomyelitis cspccinily concerning 

organism m ^ operation .as .«oon as these fnctor.s could be pro|>cr)y dealt 

toxemia. He n ^ antitoxin given intravenously with which he has 

with and, a , i - i,enjntogenoiis osteomyelitis with biictcrcnua. In 

had excellent resit - _ found no rediicliim in nii'tnstnscs in Iiis last 

closing, Mahorner s a ct . adequate immoliiliration in nil stages of 

oroun and also gave the adia -g- 


the disease. 
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23. Harry J. Warthen, Biclimond, Ta.: Gas Gangrene: An Analysis of 
Seventy-One Cases Treated in Civil Practice. — ^In a study of all cases treated dur- 
ing the past 10 years an increasing mortality during the past 5 years was 
discovered. The disease was found to be more prevalent along the Eastern sea- 
board, and particularly so in Virginia. The recent increase in the mortality was 
thought to be due to the older age of the patients in this period, and possiblj* to 
increased and unjustified reliance upon chemotherapy to cure the disease without 
adequate surgery. Methods of treatment including chemo- and immunotherapy, 
x-ray, wide excision, and amputation were discussed and mortality figures given 
for each group (18.2 to 33.3 per cent). 

Discussion; E. Dunbar Newell, Chattanooga, Tenn., considered pain at the 
site of the wound the most important symptom. He felt that early diagnosis 
could and should be made on clinical evidence alone without waiting for positive 
smears and x-rays. Howard M. Clute, Boston, Mass., had observed gas gangrene 
to follow abdominal operation in 3 cases with 2 recoveries. He considered early 
recognition the most important factor in the treatment, and this depends on the 
surgeon ’s acumen. Julian K. Quattlebaum, Savannah, Ga., described 3 fatal cases 
of gas gangrene that followed very minor injuries. Waller O. Bullock, Lexington, 
Ky., suggested the use of succinyl sulfathiazole for treatment. lYarthen closed 
the discussion by presenting mortality figures following various methods of 
therapy. He observed a lower mortality following the average prophylactic dose 
of perfringens (26 per cent) than with the use of large doses (29 per cent). 

24. John J. Morton, Rochester, N. Y.: Inter-Innomino-Abdominal (Hind- 
quarter) Amputation. — The high mortality accompanying this operation was cited 
hy the author who reported the details of 4 personal cases. Only about 100 
cases have been reported in the norld literature. Two of the author’s cases were 
done for sarcoma, one for metastasis from a thyroid carcinoma, and the other 
for chronic osteomyelitis. .4.11 of these patients reco%ered. Pictures and 
microphotographs of the specimens and x-rays were shown. The details of the 
operation were also discussed. Thomas C. Davison, Atlanta, Ga., reported such 
an operation performed for carcinoma in a patient aged 70 years, with a seven- 
year sur\i%al. 


2,'j. Prederic W. Bancroft, New York, N. Y.: Improved Methods in Extremity 
Amputations for Diabetic Gangrene (abstract). — The mortality figures of eases 
operated on by a sleeve typo of thigh amputation were given, and then the 
improved statistics following a combination of the sleeve type of operation and 
refrigeration were cited. The changes were stimulated because of the extremely 
bad risk patient treated at the City Hospital and the mortality rate whiidi 
under previous conditions find been prohibitive. In the sleeve operation as 
described by ruller, the incision is made through the skin nlioiit the level of 
the tibial tiiberi le and earridl directly through the fascia. The skin and fascia 


ate thou ilitq.ed together to prevent their separation— an important item to 
jiroserve tlie fn-i ml blood supply. The tendons are transected as they pass 
through the iiophtea! spare and the blood vessels arc grasped and ligated. Bv 
scissor dissection the femur m separated from the surrounding bone, bugging the 
slmft 111 the dissection backwards. This prevents the opening of the various 
muscle bundles The femur is cut through at the junction of the lower and 
middle third with a Gigli saw in order to prevent large bone chips being dis 
semiimted The patella is then eveised from the patellar tendon and the muscles 
niiovved to drop tuu k over the end of the femur. Tliev enn then be dosed with 
intorruiiled lavers for the fascia and for the skin without niiv tension The 
techiiiniie of 'be refrigeration method roi.sists „f first aj.plving ‘ice at the level 
upon wind, 1. tour, u<, net ,s ,o be applied. This is usually' figured to be about 
rwo iiohes nl,ove where the femur vv iU be transected. A tourniquet is ,h"l 
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applied and the leg is packed in ice for at least two hours. It nsually takes 
about 50 pounds of ice for a thigh amputation. Tlie patient i.s tramsported to the 
operating room with the leg wrapped in ice and is only removed from tlie ice 
when everything is ready to perform the amputation. During the amputation 
all solutions used in irrigating the wound are to be cold. Thirteen operations 
were performed under this method, with two deaths, a mortality of 15.4 per 
cent. Bancroft stated that the skin temperature beneath the ice while refrigera- 
tion was being carried out was about 5 to 10° C. In cases with poor circulation 
the wound should be covered with ice bags for two or three days postoperative, 
in order to reduce the metabolism in the devitalized extremities. The two death.s 
that occurred in this series were probably due to emboli. 

Discussion; W. F. Buggiero, ISTew York, N. Y., who was associated with the 
development of this method, stated that the ti.ssues are not actually frozen. He 
was convinced that the infection so frequently associated with elderly- diabetics 
was definitely inhibited, and as a consequence, lower amputations could bo per- 
formed. M. S. Brown, New York, N. Y., who examined all of the patients, stated 
that the method allowed sufficient time to get such poor-risk patients in much 
better condition for major surgery. She observed no reactions following the 
use of the refrigeration method of anesthesia. Barney Brooks, Nashville, Tenn., 
observed experimental evidence that refrigeration preserved the vitality of 
tissues, but if associated with infection, the areas of necrosis become larger when 
normal temperatures return. Charles B. Venable, San Antonio, Texas, mentioned 
the advantages of performing a periarterial sympathectomy several days before 
amputation. 

20. Leo Brady, Baltimore, hid.: The Treatment of Trichomonas Vaginalis 
Vaginitis with the Lactobacillus. — The results of another method of treatment 
of this condition were presented in which the lactobacillns was used. It was 
noted that this diagnosis was frequently missed because it either was not looked 
for or the examination was done at an unfavorable time. Stating that the tri- 
chomonas is the most frequent cause of leueorrhea and finding that prcaeiit 
treatment methods are not always successful, Brady set about to cure the condi- 
tion by restoring the normal defense mechanism of the vaginal mucous memhrano. 
Skimmed milk was inoculated with the lactobacillns vulgaris, then desiccated 
and divided into tablets, two of which were inserted into the vagina daily until 
the vaginal flora was restored to normal. Fifty patients treated in this manner 
obtained immediate relief, and there have been six recurrences. Samples from 
each lot of tablets used in this work were examined after being refrigerated for 
six months. At the end of this time each tablet was found to contain at least 
10,000 viable lactobacilli. 

n" W. C. Dixon, Nashville, Tcnn.: Post Vaginal Hernia (abstract).— The 
nllition usually but not always followed childbirth and was frcquoiitly asso- 
cWted with reetoeelc and uterine prolapse. It i.s, however, a definite entity with 
'toneal sac di.s.«ecting its way between the rect\ini and vagina, and was not 
a pen ‘ deep sagging cul-de-sac of prolapse. Some congenital 

to be c pjyie floor is probably of ctiologic importance. The diagrm.si.s 

defect in examination with one finger in the reetnm and one in the nigimi. 

wasproie . - erative bv abdominal section performiiig inversion iind 

The treatmen obliteration of the cul-dc-sac by the Moscliowitz ti'cli- 

disposition O a tproaeh i-s preferable unless other pathology recpiires the 

nique. Tl'® ‘ eon.sists in opening the v-ngiii.-il plate from the pen- 

abdominal approac i. _ ^ j],e ,sac from the reetum and siirronmling li.'-.siies, 

neum to the the sac with exeision of the excess portion. Tin' .slump is 

and ligating tbe neck of obliteration of tlie enl-de-siir is nccomplislmd 

then anchored hehind t ic ^ , ];„an,ent.s. A posterior eolporrhaphy completes 

by approximating the ^ 

(he operation, ih® 
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28. Edwaid A. Kitlo-wsld, Baltimore, Md.: The Surgical Correction of Man- 
dibular Proguatbism.~-The removal of a section of the mandible on both sides 
for correction of prognathism was advocated and the reports of two cases were 
cited in which excellent results were obtained- In the first case the teeth were 
wired together, and in the second, the author used metal caps over the teeth. In 
this manner the patient was able to take food more <^uiekly and just as satiS' 
factory results were obtained. 

29. J. Barrett Brown, St. Louis, Mo.: Massive Eepairs with Thick Split Skin 
Grafts.— As far as could be told there is no relation between the blood group 
and the taking of skin grafts for homo-skin grafts and to the author s knowl- 
edge none of the grafts are ever permanent, but in numerous cases homo-skin 
grafts used as dressing have been lifesaving procedures in cases of extensive 
burns. Studies have been made with grouping donors into the lit and N groups 
without changing this observation. The protection of and the healing of donor 
sites of skin grafts was discussed and the complete surface healing in six days 
by squamous epithelium from the follicles deep in the derma was shown micro- 
scopically. 

30. Edward H. Eichardson, Baltimore, Md.: Diverticulum of the Dreter. — 
The literature on diverticulum of the ureter was reviewed briefly. The first 
case was reported in 1911 and the first case demonstrated by intravenous pyelog- 
raphy was in 1936. A total of 32 clinical cases have been reported previously 
and in them, eight contained stones. As far as could be told from the ca.se.s 
reported, there was no characteristic syndrome. Eichardson reported a case 
which is to his knowledge the largest one recorded to date. The patient was a 
female, aged 39, who complained of enlargement of the abdomen. There were 
absolutely no symptoms referable to the urinary system. At operation a large 
mass was found in the abdomen and from it was aspirated 3,500 c.c. of urine, 
and then the sac was removed and the ureter reconstructed. These diverticula 
may be either congenital or acquired. 

31. Addison G. Brenizer, Charlotte, N. C.: Dreteral Transplantation (ab- 
stract). — A serie.s of cases of ureteral transplantation and cystectomy done by 
the better known treatment methods svas cited and compared with a series 
performed by the author's method. The efficacy of this procedure was proved 
by bistory, portrayal of the cases, and urograms made eight years after opera- 
tion. A case was described in n male patient where the vasa deferentia and 


seinin.al vesicles had been preserved, a rim of bladder tmited over the prostatic 
urethra and a repair of the epispadias perfonned. Ejaculation and viable 
spernmtozoa were niainfained in it boy, 17 years of age, for eight years follow- 
ing operation. .Vnother case cited was that of a girl 18 years of age, where the 
ureters and pefves were shown to have returned to approximately norma! dimen- 
sion in tlie course of eight years. A comparison of the author’s method with 
the refinement of the original CofTcy-Mayo procedure as done In- Walter and 
t'abot. Ladd and Lanman. and Lower was outlined. It was pointed out that both 


operative methods bad one very import.ant point in eommon. i.o., they eventnaliv 
turned the whole ealibro of the ureter into the rectum and cut off the entire 
flow of urine to the bladder. The author's method required but one nbdominal 
operation, whereas the ('offiey.Mnyo proeedure required two. In his technique, 
iho rectal mucosa was never opened nor transfixed with a suture and the ab- 
domen never exposed to an infection from the bowel. The uretcr.s were not cut 
imtoediately. but only after nine days, when they were embedded in the intes' 
line after all heiuorrhaue. edema, and lameness bad subsided. Bienizer further 
point.sl out that las tidaption of the ineisions into the rectum looseh- and the 
fa. t that the ureters were barely raised from their bed, did not disturb to anv 
exteat the blood snj.j.u- and nerve supply to the ureter and allowed the ureter 
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to lolnte in the intestinal channel The intestine nas able to better 'uhipt itself 
to the ureter thus keeping it straight in its couise in the intestine and causing 
no obsti notion to it His technique consisted of implanting simultaneously a 
segment of both intact ureters into the intestine uitliin the mucosa A long 
hairpin uire, sharpened on the ends, was made to straddle the ureter and to 
pierce the mucosa passing into a whistle tip catheter uhich had been placed m 
the rectum The uiro iias passed thiough the catheter to emerge at the anus 
leaiing a small loop surrounding the meter Hight days later the meter was 
eni eloped by the uire loop and implanted into the intestine, and then seieied bj 
the application of an electiocuttiiig current to the uire ends emerging thiough 
the catheter at the amis The assurance that each ureter uas seiered and 
totallj turned into the rectum was easih ascei tamed bj the absence of flou of 
mine into the bladder and the flou of urine into the rectum, proied b}' iiiograms 
32 Lawrence E Wharton, Baltimore, Md Simultaneous Obstruction of Both 
Ureters with tfremia (abstract) — The author presents a senes of 7 cases of 
simultaneous obstruction of both ureters uith uremia The causes were stnctuie, 

2 cases; stone, 2 cases; carcinoma of bladdei, 1 case; back piessiire from oier 
distended bladdei, 1 case; bilateral ligation of meters, 1 ease The commonest 
causes are stiicture and stone, both of uhich are often nssoaated uith infection 
In all of these eases there had been unnarj disease foi j oars before acute ob 
structioii nith uremia dec eloped But in all these cases of stricture and "toiie, 
the situation had been neglected by the patient because it nas causing no pain, 
01 Has tieated obseiiantly bj the physician These cases shou that serious 
iiiinnrj disease maj be present Hithout causing am pain Tjpical ureteral cobt 
maj’' be absent in ureteral obstruction Urinary infection, meoiiiplete obstiuc 
tion and stone should not be neglected or nlloued to progress to complete renal 
destruction Theie uas one fatality m this series, due to carcinoma of the bind 
der The author discussed methods of treatment and pioblcms that arise dining 
treatment of aanous tjpes of ureteral obstruction 

Discussion W H Parsons, Vicksburg, Miss , stated that he still used the 
multiple stage operation and in his hands it is better and has n imith lower mor 
tality and morbidity H. L Toss, Damillc, Pa, made a plea for a return to the 
simple forms of transplantation, the use of nonnbsoibable sutuics, and the use 
of sulfonamide drugs Ho ropoitcd 5 cases seen in the past fey necks on nlncli 
he had obtained excellent results 


33 Ambrose H. Storck, Nen Orleans, La The Use of Estrogenic Substances 
in the Preoperative and Postoperative Treatment of Hyperthyroidism. Further 
Observations (abstract) — Various possible mechamsms vliuh miglit account for 
the expennientallv obseiicd lowering of basal met ibohsm which follows the 
administration of estrogenii siibstaiiies ami wliiih might account for the bene 
ficial effects following the administration of estrogenic siilistiincos to patients 
ith Inperthjroidism were distiissed The gionp me hided the siiggeslmn b\ 
•Sherwood and later In Grumbretht ami Locsser, that cstiogeii mii inhibit the 
* t n of anterior pitnitan thirotiopu liormnnc; the possihihtv of a direct 

r°*^''nrantagonisin in the tissues, ns later suggested bi Sherwood in new of 
hornion estrogen the rapi causes lowering of Imsal eicn in tin 

},is ( emon • inhibitions of )iroiliic tion of \ arums nnterior piliiitnrv 

roidectomi/ecl an , „n,le II ,.,.<s with Inp. rthyro.dism in 

calorigeiiic treatment imlmlmg lied rest, seclntion, and the 

which the mU'S ' , calcium, \itimiiis ami a high cnliiric, high protein die I 
administration O i ^^^^,,^,(,,1 thcrapr, using either theelin in oil or clietinl 

was supplenicolt^' uere smnnnri/til and c umpired with a scric- of nm 

stilbestrol gnen b\ mou Irentiueiit but to whoiii (stnigcmc sub 

trol cases who rcccncc ensf' rifrmton to the iisii cl pn oiu rntne 

,t,nees were uot gnen >•'<" 
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treatment, an additional lowering of ba<;al metabolic rate followed estrogen 
therapy An average preoperatne lowering of pul'^e rate equal to that whuh 
occurred in the control group was observed in the estrogen treated eases, even 
though more of the cases which received estrogen therapy were iodine fast at 
the time of admission The average peak pulse rate on the first postoperative 
day in the eases which received estrogen therapv was lower than was the average 
peak pulse rate on the same dav in the control group Patients who received 
estrogens consistently looked and felt better than did the control group, this 
difference being most pronounced during the immediate postoperative period 
Although no definite conclusions can so far be drawn concerning a relation be 
tween dosage and effect, comparison of the presently reported observations with 
those following smaller average do-cs suggests that small doses of estrogenic sub 
stances are cqualh, if not more effective, than are large doses Reference was 
made to the possibilitv of refractoriness to estrogen therapv following repeated 
doses Estrogen therapv is prohablv most effective when administered for from 
four to seven davs preceding opeiation when subtotal thv roidectomv i« done in 
one stage "When multiple stage thv roidectomv is performed, it seems advisable 
to continue estrogen therapv for several davs following the first stage, and if 
there is a lapse of more than a week between operations, to rcinstitute estrogen 
therapv preceding the second stage It was believed that the emplovraent of 
this form of eollatcial therapv is valuable in severe hvperthvroidism, particu 
larlv when multiple stage procedures arc necessary, and in iodine fast cases Xo 
conclusions can vet be drawn concerning the relative values of theelin and 
diethvlstilhostrol as estrogenic substances suitable for use in hvperthvroidism 
11 Edward T. Newell. Chattanooga. Tcnn The Treatment of Cancer of the 
Breast Using Cautery Excision, Implantation of Eadium, Ereoperative and Post- 
operative, Radiation (abstract) — The author reviewed Ins ovpeneiices and di 
vidod the cases into (1) inoperable, (2) operable confined within its limits, and 
(1) operable with metastascs B\ reason of the fact that the Halsted operation 
nr the Willv itever oper.ition produced onlv 2 ) per i I'lit of cures where axillary 
involvement was present, Newell was of the opinion for mniiv vears that some 
thing 111 addition to the perfect rndieal operation should bo done to increase 
this low I V car arrest and it was for that reason that he instituted the U'C of 
radium in the uxilki and postoperative \ rav treatment He believes that this 
has nu ro.ised the number of "ivoar cures (arrests at least 10 per i ent with the 
nddition of the laiiterv roscitioii and postoperative irradiation In rare in 
staines preoiiorntiv e irr.idiation was used In comparison, twice as main pa 
tients lived three or more vears without axiil irv or other nietnst.ises as did those 
with sui h extension (SI vs till, per tent) In a senes of 00 personal cases he 
fomel that l>ride i and t iirodoimnated (70 per centi, and there was .in opera 
tivt niort ilitv of 1 per tent 'Ihe cletniK of the nntlior’s method of using cauterv 
t \t ision ami ratUum iiiipt vat ition were sbovvn b\ a niolion pit lure Average 
dnraiiiiii of th< tumor vv.is 17 ~t months, niiil OS (, per tent had .ixillarv inctastases. 
He list i pcftperitni robatioii onlv in the welladvamed i ases and followed in 
1 to "i ilav- with the ~urgit nl attack 


Ills, u-si.m Hugh A Gamble, Greenvilht, Miss^ iiseil thf' tanterv method of 
,\<isi.,n tie also mivoi Ited transpliinintioii of the litissimus .lor'i over the 
.letimb I ttn't amt axilla No swelling in Hie area followed this method Beryl 
Hart. Hucl.am N c , r u-. .1 the iiiusi,,.,, „f i,,, reasid swelling of the are i fol 
lowing implaatatioa of roiium and lantimv c>\cis,on He described the methods 
iiM.i it Hut,. Hospital sir.ss,,,^ ,l,e n.len„,.ij.,. ^ ^ , 

promot. pnaurv wound h. , him Br.acllcy L Colcy. New I ork. N Y t ilked 
nl.o.t the bs.lv aal.ges of pre op, ralive v ra, tr< ilmeat meatmaing ,,..r,.,u 
,h. skin thaagt, ami s,ar forimit.o,, H,. Mated that postoperatn c! rad.a 
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tioii was used at Memorial Hospital and described the operative technique used 
there. In his opinion inflammatory carcinoma was inoperable. John E. Cannaday, 
Charleston, W. Va., pointed out the value of getting patients out of bed early, 
and also advocated the use of cotton suture material. 

35. D. Henry Poer, Atlanta, Ga.: EflTect of Removal of Malignant Thymic 
Tiunor in a Case of Myasthenia Gravis (abstract). — Statistical evidence was 
given to show the presence of thymic abnormalities in over 50 per cent of 
cases of myasthenia gravis as proved by autopsy or operation. The increase 
in this percentage in recent years indicates the probability of a consistent 
association of these conditions. The extraordinarily few operations that have 
been performed upon patients with myasthenia gravis have usually been done 
for removal of benign thymic tumors, and the results were not particularly 
encouraging. Recently' Blalock and his associates have removed a thymic cy.st 
from a patient, which was followed by dramatic improvement, and they also 
have explored the thymic area of six myasthenic patients removing remnants 
from all with encouraging beneficial results. In the literature only' four reports 
of malignant thymic tumor could be found that have been discovered at autopsy 
in cases of my’asthenia gravis. The author adds a report of a carcinoma of the 
tliy’mus which was successfully' removed from a 52-y'ear-old male who had .suf- 
fered with a severe form of myasthenia gravis for 2 years. This was followed 
by marked clinical improvement and no evidence of recurrence up to the pres- 
est time. 


Discussion; Joseph E. J. King, New York, N. Y., mentioned the 2 cases 
operated upon by' Campbell and asked if they' had been included in the cases 
studied. Edward D. Churchill, Boston, Mass., pointed out the difficulty of estab- 
lishing a definite diagnosis of myasthenia gravis. Ho gave his o.xpericnce in 
dealing with four patients with mediastinal tumors who at one time or another 
presented symptoms s\iggestive of myasthenia gravis. He considered the re- 
sponse to prostigmin to be the most accurate diagno.=tic test (described by 
Viets). Barney Brooks, Nashville, Tenn., stated that he had recently exam- 
ined Blalock’s first patient (thymic cyst removed in 1036) and found no symp- 
toms of my'asthenia gravis. 

36. Daniel L. Borden, Washington, D. C.: Personal Observations During the 
Recent A. M. A. Trial. The details and many personal incidents of the recent 
trial of the American Medical Association were described. This was discussed 
by John H. Lyons and Harry H. Kerr, Washington, D. C., who related the in- 
volvement of the local Medical Society in this important trial. 


37 Amos B. Koontz, Baltimore, hid.: Are Selective Service Rejections an 
Index of the State of Our National Health? — It was pointed out that many 
mi.ssfatements eonccrning this question are receiving popular attention at (he 
csent time. The statement that 40 per cent of our draftees arc iindcnioiir- 
Mied was found to bo grossly untrue. Koontz stated that the average height 
• fh same the average weight is better, and the number of rejections for 
Tb rcuffisis ’is le.ss than in World War I. He found venereal diseases dccrcas- 
_ ' ®. Armv in spite of recent statements to the rontrnry, and that bad 

mg in principal cause for rejection. He also noted a much lower nior 

teeth were World War I and that the general health and 

hidity and mortality r.uc 

morale w g ^ Stone, Baltimore, Jbl., emphasized the bail efteels on 

Discussion. jvbsurd mi.sstntements that have reeeived .so miieli piib- 

the public morn e o ,. i in relatively good condition, 

licitv. He had found public 
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Surgical Diseases of the Spmal Cord Memhranes and Its Roots. By Charle'! 

A Elsberg Pp. 598, with 249 illustrations Keu York Citj, 1941, Paul B 

Hoeber, Inc. $14 00. 

This IS a neu and reused edition of the author's previous books on the spinal 
cord, Di-teaset of the Spinal Cord, 1916, and Tumors of the Sptml Cord, 1925. 
Chapter III, The Roentgen Raj Diagnosis of the Spinal Cord Meninges and 
Vertebrae, uas wiitten by Cornelius 6. Djke and Chapter YIII on the pathologj 
of cord tumors nas nntten bj Abner Wolf. 

It is an excellent monograph rcfleeting the author’s extensile experience, Ins 
multiple contributions on the spinal cord niueli have been published in the periodical 
literature since 1912, and a thorough knowledge of the literature Positive state 
mcnts are made concerning the author’s opinion and practice even on the most 
controv ersial subjects. 

The illustrations, 249 in number, are well chosen and well reproduced. Chapter 
subdivisions in large tjpe and the free use of italicized paragraph headings for 
lesser subdivisions make the book more readable At the end of the book, references 
are listed alphabeticallv and there is also a list of authors vvith page references 
to each. However, not all references are listed and the page references to authors 
listed are also ineomplete. These onvvseions arc noted especvallj vn Chapter VIII 
In general the stvle is clear and the diction good. But on page 185 it is stated 
that “the priniarj lesion was metastatic." One who lia« recentlv learned anatomj 
would ponder on the location referred to as follows “on the lower part of the 
cheek below the area of distribution of the mframaxillarj part of the trigeminus " 
(Page •'.90 ) 

M.inj surgeons would disagree with the statement that ‘‘the region from which 
a foreign bodj has lieen removed should be genth swabbed with weak iodine so 
as to forestall a possible secondarv infeetion, ’’ 

This book IS favorablj re. oninieiided to cverjone wbo examines or treats surgical 
tlise'vses of tlw spinal vord 


Books Received 


The rmipt of books is nvknowledged in this se, t,mi and this statement must be 
regarded .is soibuent aeknowledgiuent of the lourtesj of the senders Selections 
wilt lie made for more extensive review dii tated bv the interests of our readers and 
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OCI.RVIIIC tsCRtiCrn • ABDOMIXAD surgery Bv r. W. Bancroft, 
.\ B , Mil, 1' \‘'S, Assoiiaie CbitK.il Professor of Surgerv, Columbia Unnersifj. 
Xew I ork I'ltv (’loth Pp 1102, witii 210 illustrations Xevv York, lO^E 1). 
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t]ie piontosil as well as its allied clieiiiothei'apeutic derivatives is one 
of apparent coiitradiclions. liave seen how sulfanilamide, original! v 
labeled for beta-liemolytic streptococcus, has successfully combated many 
infectious, among others those due to gonococcus, pneumococcus, brucella, 
colon bacillus and Ducrej^’s bacillus. 


Although the mode of action of sulfanilamide is not yet clearly under- 
stood, it has been hitherto shown that to be effective sulfanilamide nuust 
gain contact with the invading organism, and this is usually by moans 
of the circulating blood. Colebrook and his co-workers and Long and 
Bliss have shown that sulfanilamide possesses bacteriostatic properties 
in dilutions as great as 1 -. 10,000 and higlier.® Yet no tissue damage had 
been demonstrated in parenteral and intrathecal injections in solutions 
of 1 loer cent. These foregoing facts and also consideration of sul- 
fanilamide’s apparent disregard for specific labels led us independently 
earlj' in 1939 to implant sulfanilamide powder, later crystals, in all 
traumatic wounds that were infected or tliat had potentiality of infec- 
tion — cuts, lacerations, abrasiotis. We reasoned, perhaps naively, that 
if this peculiar drug’s effectiveness at a given site depended upon being 
circuitousb' carried there by the blood after absorption via the gastro- 
intestinal tract, why could not we, under favorable conditions, put it 
there in the first place? Thus empirically used, the results were highly 
gratif.ying ; ive saw no evidence of tissue irritation; most infected 
wounds healed quickly, and potentially infected cuts healed per priinam 
after suture. These results were certainly contrary to what should he 
expected in the light of the current opinion based on studies in vitro. 
Long and Bliss’ and others denied the possible efficacy of sulfanilamide 
applied locally. 


In July, 1939, appeared the highly sigjiificant work of Jensen, Johiis- 
rud and Nelson on the direct implantation of sulfanilamide into com- 
pound fracture wounds.-' Thirty-nine cases were presented, including 
2 compound dislocations, all contaminated, all debrided, all closed and 
healed per primam. Our next anticipated venture was the imjdanta- 
tion of sulfanilamide directly into the peritoneal cavity in ])eritonilis, 
and opportunity came on Dec. 16, 1939, in the form of a ruptured 
pelvic appendix with peritonitis, the ease report of which is later pre- 
sented (Case 1). 

In this report we prc.sent our experiences uith sulfanilamide nn- 
hnted di 2 'eetly into the abdomen in case.s of peritonitis and apiiendical 
Abscesses as encountered in a private practice. Also is ineludeil a elin- 
1 =todv of sulfanilamide blood levels in these patients following 
‘ , ol imnbintalion, and collateral experimental studies using 

„sc,l » 

the lahbn. iutra-abdoniinal eoneentralion at time inlei- 

blood concen nerifoneal tissues mirioscopically for jmssible 

vals, and to cxanunc tlio pe 

pathologic changes. 
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ILEL'STBATIVE CUXICAE CASES 

Ci.SE 1. — IL T., a boVj 13 vears of age, entered the hospital Dec. 16, 1939, irith 
historj- of stomach-ache of three days' duration. On the day previous to entry, 
lie had tahen castor oil and a painful bowel movement foliowed. At 3:30 p.’I. 
on the day of entry, he suffered a sodden severe lower abdominal pain, follov.ed 
ly nausea and lomiting, after which tlie pain remained constant and severe, and 
In'- “stomaeli «taved hard." Plysiol examination revealed a well-developed boy 
with temperature, 100°; pulse, IIS; respiration. 20; blood pressure. 118/60. Ex- 
amination of heart and lung« was negative. The abdomen was held rigid with 
maximum tendemeS' in the suprapubic region; rebound tendeme=s was present. 
Rectal examination showed definite tenderness to tiie right. A diagnosis of rup- 
tured pelw appendicitis was made. 

-Appendeetomx was performed under spinal anesthesia about three and one-half 
hours after approximate time of rupture. A perforated pelvic appendix was found 
with pehie pus accumulation. The appendix was removed and the pelvic peri 
toncal lavity lavaged with about 500 c.e. of normal saline solution. One gram 
of sulfanilamide crystals was placed in the appendix bed, and the abdomen closed, 
u'-ing 0..> Gm. sulfanilamide m the wound. A small Penrose dram was inserted. 
The tempierature dropped to normal on the second postoperative day. Hecovery was 
uneientful and the patient walked from the hospital on the ninth postoperative day 


This tva.s the first case in wiiich we used .sulfanilamide crystals intra- 
pcritoneally, hence the trial dose wa,s one gram, and a drain was placed. 
Xevertheles'.. in the liglit of previous tedious e.xperiences with similar 
eases of pelvic peritonitis, we were quite elated xvith the re.sult.s, and the 
incentive to enlarge our experience was stimulated. 


Cisr 4 — .V. I . male, 21 >ears of age, entered the hospital April 1.3, 1940, with 
hi'-ton of ■‘tomiKhaiho since that morning, five hours later a lower abdominal 
pain with a dc-irc to defecate, then a sudden sexere pain in the lower niidabdonien 
followed ly nati'-i-a and vomiting. Phj'ical examination reiealed tempierature, 104'; 
pul-e. 11- rc'piratiou. 20; blood prc;-urc 115/30. Examination of the heart and 
lung- wa- negatne The alnlomen was tender in the right lower quadrant and 
-upnipubi' region with definite relKinnd tenderness. Urinalysis showed occa.-ion'il 
pus ecU .Hid <« ' u-ional H coh. .A diagno-is of ruptured pehuc appendiciti- wa« 
rmd* 

\pp.-ndi- toiiH. wa- p( rf.irmed under spinal anestliesm, and a perforated ap 
pcndix wa- found in the pehi«. The peUie peritoneal canty wa- laiaged with warm 
intnii i! .'lino .oiuiion, ind - t»m of -iilfanilamoie were placeii m the j^^Ivis, One 
gram i- di-lriituled in the wound and the abdonon ilo-ed without drams, Pu. 
(ultiire from the .ijijiendix v.U' reportrsi IS coh. Tile temjteraturo was normal on 
the lirst p...’o[«.ritiie daj Imt In-gan to rise on the so,.r,iid. Salfanilamole wa- 
gnin orali' gr v itii 'udmm bn;irl*onate t.i.d. The tempi'ratarc again dropped 
to normal .ifi<r ov dis, lui! owil -ulf.'mihmide wa« rontinui-l for throe davs. X},. 
(.itont n -id' in uic n -itfiil reiou-rj and I< ft the lio-pit'd ambuhitorx on tie s..\onth 

r'lf II. 1'. 
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lespiration, 20; blood pressure, 95/65. The heart and lungs were negative. Tlie 
abdomen showed marked rigidity, general tenderness to pressme, marked rebound 
tenderness, obliteration of livei dullness to percussion. Urinalysis negative for sugar 
and albumin, microscopically a few fine granular casts present. B.B.C., 4,480,000; 
Hgb., 96 per cent Sahli; W.B.C., 6,000; polymorphonuclears, 80 per cent. Ding 
nosis: Carcinoma of the stomach ruptured, with peritonitis. 

Operation was performed under high spinal anesthesia five hours after rupture. 
On opening the peritoneal cavity through an upper middle incision, escapage of gas 
was noted, peritoneal surfaces inflamed, abdomen soiled by partially digested rice 
and vegetables wdth liigh odor of vomitus. Perforation of about 1 cm. was found 
on anterior wall at lesser curvature just proximal to pyloric ring, food particles, 
bubbles, and liquid matter stiU issuing. The tumoi mass around the perforation 
was about the size of a small egg, hard, firmly adherent, and infiltrating pancreatic 
tissue. Lesser sac was also filled with stomach content. Subtotal gastric resection 
and antecolic gastroenterostomy performed, mobilization of the pyloric end required 
adequate removal of involved pancreatic tissue. One bean-sized indurated subpyloric 
gland was removed, with no further evidence of metastasis. Peritoneal cavity was 
thoroughly lavaged clean of an immense amount of debris. Eight grams of sul- 
fanilamide w’ere implanted circa anastomosis and center of soilage, two grams in 
wound layers. The abdomen was closed without drainage. Seven grams sulfanil- 
amide were given by hypodermoclysis on the first two postoperative days. Daily 
blood and urine examinations showed no significant changes. Although this patient 
had a febrile postoperative course, due chiefly to bronchopneumonia, there wore no 
intra-abdominal complications. On the eighth postoperative day, during a cough 
seizure, the lower two inches of the wound gave way and he eviscerated about three 
feet of small intestine. The bow'el loops were washed with normal saline solution, 
coated with 4 Gm. of sulfanilamide, returned to the abdomen, and the wound re- 
paired. There were still no abdominal complications, no wound infection. 


Case 12. — M. E., male, aged 21, taken to hospital August 17, 1940, with .scrcic 
lower abdominal pain since early morning, unreliered by morphine. History of 
midabdominal pain five days before gradually increasing in severity with localization 
below navel day before entry. Had three watery bowel movements on the same day 
with no urinary symptoms. Physical examination revealed a patient, quite toxic, 
moaning and restless with pain, thighs flexed on abdomen. Temperature, .08.6”; 
pulse, 68; blood pressure, 120/70. Examination of heart and lungs was iiogatire. 
Abdomen flat, showing generalized rigidity and tenderness, maximal tenderness and 
rieidity in lower right quadrant. No audible peristalsis. Urine negatire for al 
biTmin, sugar, and sediment. Hgb., 110 per cent Sahli; W.B C., 24,100 with 88 per 
cent polymorphonuclears. Diagnosis: ruptured appendix. 

Operation was performed under spinal anesthesia; purulent fluid noted immedi 
t Iv on opening tire peritoneum. Exactly 100 c.c. tliick, purulent material aspirated 
f the peWs. A large appendix covered with plastic exudate, containing two 
1 ™ f al stones, and bearing two perforations was removed from a low retrocecal 

large ec- cavity and aj>peiidi\ “bed” were tlioroiighly Invagcd witli 

positio . saline solution. Ten grams sulfanilamide errstiils were distributed 

warm norma appendix bed, and the dosiire was witliout drainage, using 

in the pc ‘ tiie nouiid layers, rrom tlic second to sixth iiostoperiilive 

one gram su . • orally, 10 gr. t.i.d. with soda biciirboimfe. Temperii 

day, siilfam ami fourth postoperative day and ro-e to 99 2° on the liftli, 

ture The patient was disehargod ambulatory on tlie seventh day 

-1 vve employed was stocked in glass ampoules in 

The sulfanua Abbott Laboratories. Beyond iceeiving .'isMir- 

crx'stallino form bj 
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ance of its sterility lij- private communication ■with the manufacturers 
no further bacteriologic studies ■were made. The crj'stals •n'ere trans- 
ferred to a sterile dry cup and poured directly into the abdominal cavity. 

In recapitulation, given an adequately prepared patient, our opera- 
tive technique is essentially as foUo'ws: 

1. Spinal anesthesia is the anesthesia of choice; ether or local novo- 
cain is used as indication demands. 

2. The abdomen is opened through any incision appropriate to the 
condition, but the McBurney i.s the incision of choice in our appendec- 
tomies. 

3. The field is isolated vith moist gauze paclcs, and the abdominal 
wound protected with towels. Lately we have been using waterproof 
cellophane incorporated betM’een gauze laj'ere for wound protection, and 
we believe wound infections have been further decreased. 

4. Thorough aspiration of pus and infective material from the ab- 
domen is stressed; aU possible gangrenous tissue is removed; and fur- 
ther, the regional abdomen is cleansed by repeated perfusion with warm 
normal saline solution and suction. 

5. Ci'ystalline sulfanilamide in amounts of 4 to 10 Gm., depending 
on the patient’s age, is implanted directly in the area of greatest in- 
fection, with 2 to 3 Gm., governed by the size of the incision, used to 
coat wound layers and surfaces before closure. 

6. Pus per so is no indication for drainage. Drains arc limited to 
instances in wiiicli irremovable gangrenous tissue or tissue of doubtful 
Mability must ])o left behind at closure. 

7. Supplemental sulfanilamide therapy is continued orally after the 
fii'st postoperative day. After sm-gical procedures invol\-ing anastomosis 
of hollow ^i.sccra, and in patients unable to take oral medication, the 
sulfanilamide is given parenterally. 

F..\PnRIMr.NTAL riNDlNGS 

In December, 1939, we arbitrarily placed one cram of sulfanilamide 
into the pelvic peritoneal cavity of a patient with peritonitis from a 
ruiitured pelvic appendix .Ten.scii and co-woi’kei‘s* had shown that 5 to 
1.5 Gm could be safely implanted in compound fracture wounds and 
closed In the succeeding three eases we. therefore, felt safe in employ- 
uig doses of 8 to 10 Gm. The results were encouraging, but the dosage 
uas still quite arbitrary. At this point, to establish some rational basis 
for furlhei work, we enlisted the technical asststanec of our coauthor, 
Dr B Pratt, and the facilities of the White Memorial Hospital 
Laboratory 

mktuod 

111 till- present iincstigation. white rabbits weighing an aterago of 
four pounds weie used Tuder ether anesthesia, the peritoneal ea\itv 
opened and sulfanilamide erjstals implanted, r.uiging in amounts 
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respiration, 20; blood pressure, 95/63, The heart and lungs were negative. Tlie 
abdomen showed marked rigidity, general tenderness to pressure, marked rebound 
tenderness, obliteration of liver dullness to percussion. Urinalysis negative for sugar 
and albumin, microscopically a few dne granular casts present. E.B.C., 4,480,000; 
Ugb., 96 per cent Sahli; IV.B.C., 6,000; polyniorphonuclears, 86 per cent. Diag- 
nosis: Carcinoma of the stomach ruptured, with peritonitis. 

Operation was performed under high spinal anesthesia dve hours after rupture. 
On opening the peritoneal cavit 3 ’ through an upper middle incision, escapage of gas 
was noted, peritoneal surfaces inflamed, abdomen soiled by partially digested rice 
and vegetables with high odor of vomitus. Perforation of about 1 cm. was found 
on anterior wall at lesser curvature just proximal to pjdoric ring, food particles, 
bubbles, and liquid matter still issuing. The tumor mass around the perforation 
was about the size of a small egg, hard, firmly adherentj and infiltrating pancreatic 
tissue. Lesser sac was also filled with stomach content Subtotal gastric resection 
and antecolic gastroenterostomy performed, mobilization of the pyloric end required 
adequate removal of involved pancreatic tissue. One bean-sized indurated subpyhric 
gland was removed, with no further evidence of metastasis. Peritoneal cavitj' was 
thoroughly lavaged clean of an immense amount of debris. Eight grams of .sul- 
fanilamide were implanted circa anastomosis and center of soilage, two grams in 
wound layers. The abdomen was closed without drainage. Seven grams sulfanil- 
amide were given by hypodermoclj'sis on the first two postoperative days. Daily 
blood and urine examinations showed no significant changes. Although this patient 
had a febrile postoperative course, due chiefly to bronchopneumonia, there were no 
intra-abdominal complications. On the eighth postoperative day, during a cough 
seizure, the lower two inches of the wound gave way and he eviscerated about three 
feet of small intestine. The bowel loops were washed with normal saline solution, 
coated with 4 Gm. of sulfanilamide, returned to the abdomen, and the wound re- 
paired. There were still no abdominal complications, no wound infection. 


Case 12. — M, F., male, aged 21, taken to hospital August 17, 1940, with severe 
lower abdominal pain since early morning, unrelieved by morphine. History of 
midabdominal pain five days before gradually' increasing in severity with localization 
below navel day before entry. Had three water}- bowel movements on the same day 
with no urinary symptoms. Ph.vsical examination revealed a patient, quite to.xie, 
moaning and restless with pain, thighs flexed on abdomen. Temperature, 98.1)“; 
pulse, 68; blood pressure, 120/70. E.vamination of heart and lungs was negative. 
Abdomen' flat, showing generalized rigidity and tenderness, maximal tendcrne.“S and 
rioidity in lo’wer right quadrant. No audible perisfalsi.s. Urine negative for .al- 
bumin sugar, and sediment. Hgb., 110 per cent Sahli; W.B.O., 24,400 with 88 per 
cent polymorphonuclcars. Diagnosis: ruptured appendix. 

Operation was performed under spinal anesthesia; purulent fluid noted iinmedi- 
atclv on opening the peritoneum. E.vncfly 100 e.c. thick, purulent matorini aspirated 
f ^ the pelvis. A barge appendix covered with plastic e.vudatc, containing two 
r°"' f Stones and bearing two perforations wa.s removed from a low retrocecal 

large fec.al stones,^an t, javaged with 

position. solution. Ten grams snlfanilamide cr.v.-^ial.s were distributed 

warm n ■ appcndi.v bed, and the rlo.anre ua.s- ivitlioiit drainage, ii.sing 

in tlie pe up'ij, wound hi.vcrs. From the serond to sixth postoperative 

one gram sulta ‘ orally, 10 gr. I.i.d. uith soda biearboimte, Temjwrn 

da.v, sidfanilami c fourth postoperative dor and rose to on the fifth, 

ture reached norma ootieul was discharged ambulatory on the .-‘eventh ilay. 

due to wound hematonm. iJei. 

If uilamide ivc employed wa.s .stocked in gla.ss ;.tt.|wnilcs in 

Tlie siilfanilamtae Lal)oratorie.s. Beyotid i-eceiving t.sHiii- 

ei’j'stalline fonn } 
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The blood concentration was determined in eacli case and compared 
with the coincident intraperitoneal concentration ; this local concentra- 
tion was determined by rinsing tlie peritoneal cavity with 150 c.c. of 
sterile water to recover the dissolved sulfanilamide. 

The other portion of our investigation dealt with the determination 
of blood sulfanilamide levels in patients after known ciuantities of sul- 
fanilamide were implanted intraperitoneally and the abdomen clo.sed 
without drainage. 

UESULTS 


Pig. 1 sliows that the average maximum concentration in the blood 
was 22 mg. per 100 e.c. in rabbits that received one gram intraperi- 
foneally. 

Rabbits that received 2 6m. of sulfanilamide had a maximum blood 
concentration of 57 mg. per 100 c.c. but died in thirly-.six hours. Rab- 
Ihts that received 15 Gm. had a maximum blood concentration of 270 
mg. per 100 c.c. and died in fifteen hours. 



1 IK .1 lli'iiiO suIf.inlHnililf. I.-m-k In ncoHlnc Knonn tiuiintlti.s of 

MiU.mU iniJdo ai <»im tutlon. 


Fig 2 ti IS sell iliiit there was ;i nipid fall in the intraiieritonoal 
.•iniiM'iitiiitmii ns tiic hhiod conmitratum tiicivasei. .\t ahonl six hours 
thr sulfanilamide eoiu-fiitraliim in tin- blood ahonl eiiialed the eoneen- 
iiatioii in the larilom.al eavily, after \6iieh the blood eoncetd rat ion 

t tin* jn-i r»t iiiu. 

I'lg ! foneentration enrves were plotte.l for patients reeeivino 
knovii amounts oi sulfanilamide intraperituneallv at operation Tn 
.s,se f nine gram-, were used ami the hloud eoneenlration rose to mg • 
Case ... nuu gr.uns s!,„v.ed a rise to !...s mg., ( s,... 
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from 1 lo 15 Gm. In four rabbits one gram was used (Fig. 1). Blood 
was taken from the heart at liourly intervals and the concentration of 
scilfaniJamide determined. Mici'oscopic sections were made of the in- 
testines and the peritoneum at intervals to search for anj^ possible 
pathologic changes. 

In another series of ten rabbits, one gram of sulfanilamide was placed 
intraperitoneallj^ and the rabbits saci-ifiecd at hourly intervals (Fig. 2). 



Pic 1. Hourly blood sulfanilamide levels in rabbit.s receiving 1 gram of cr.v.stalllne 

sulfanilamide intr.iporitonealJy. 
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others that little is to be gained. Fortunately, Ave see our eases early, 
but, in any event, operation is decided by the patient’s immediate con- 
dition rather than by tlie relative area of peritonitis involved, or the 
time elapsed since its onset. 

The baeteriolog}' of appendical peritonitis has been shovm to be far 
from specific; the various streptococci arc found, anaerobes of tne Welch 
type occur, but the colon group is to be considered the most common 
invader, and generally, our greatest foe. In ruptured peptic ulceis 
also streptococci and colon bacilli are chiefly the organisms found.'' 

In treating peritonitis with sulfanilamide given orally, Ravdin and 
co-workers* at first discontinued the drug in forty-eight to seventy-two 
hours in the earlier cases of their series when the culture failed to 
shoAv hemolytic streptococci. PolloAA’ing the Avoi'k of Helmholz,” who 
demonstrated the effectiveness of sulfanilamide against Eschcriclua roU, 
they then employed it in aU eases Avhen this orsanism was found, then, 
“before long it Avas employed in all cases regardless of culture report.” 
Jlellon and collaborators,* too, in commenting on the AA'hoUy unantici- 
pated therapeutic properties of sulfanilamide given by the usual route> 
and the extensive nonspeeificity of its action is reminded by its remark- 
able behavior of a “general inteimal disinfectant.” 

Perhaps some criticism may be forthcoming of one phase of the sur- 
gical technique employed, namely, the “lavage” of the infected peri- 
toneal cavity. In the usual early case of ruptured appendix cer- 
tainly no attempt is made to laA-age the entire abdomen. When tenable, 
the field contaminated by free pus is Availed off by gauze paelcs and the 
area Avashed clean by alternate perfusion AA*ith AA-arm normal saline 
.solution and suction Gangrenous and devitalized tissue is remoA'ed 
when possible, the aiipcndix is ncA-er left behind. Wallcd-off collections 
of pus and appendical abscesses are likcAAise AA-ashed out, AA’ith the usual 
respect as to formed natural barriers. On the other hand, Aviien the 
whole peritoneal cavity has been contaminated by the sudden rupture 
of an ulcer, and infective materia! and uross food particles arc strewn 
among the bowel loops, all accessible areas are washed out in turn ^ The 
senior author for niariA Aval's has folloAAcd this procedure in ruptured 
ulcers, and legion.d hnage in appendical peritonitis with nniformlA 

satrsfactoi y results. 

In I'tgs Lockwood" showed that peptones (“pus,” .a.s encountered! 
nuukedlA mtcifeie<l AAith the baetcrieidal action of .sulfanilamide on the 
beinol.Atic sti'ej)tococciis ^IcleiicA and Ilai'Ac.A’'’ noted that sulfanila- 
mide giAcn orally acted the most dramatically in eaily hemolytic 
Ntietitococeiis infections ill which tissue necrosis and thrombosed blood 
v.sscls weie not ]>resent to picAcnt contact of the ciiculating druu A\ith 
tin lUA.idm-.: orminisin In th,* picscncc of tissue necrosis or ahsc.Ns 
foi Illation in inuctions. efiic.icA of sulfanilamide has been found def- 
iniiii,' limitid. and debridement and suririeal diainatre must be done 
to . fact henlintr 
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Table 1 

Showing Hourly Blood Sulfanilamide Concentration in Rabbits Receiving One 
Graji or Sulfa NILA jt IDE Intraperitoneally 


TIME (HOUR) BLOOD SULFANILAMIDE CONCENTRATION JIG./lOO C.C. 



UABBIT I 

BABBIT II 

BABBIT in 

RABBIT TV 

AYEKAOK 

1 

G.S 

7.0 

4.0 

13.0 


2 

7.3 

10.0 

6.0 

15.0 

9.5 

3 

12.9 

26.0 

16.0 

17.0 

18.0 

4 

IS.O 

28.0 

17.0 

24.8 

22.0 

5 

17.2 

20.0 

15.0 

23.0 

20..3 

G 

17.2 

25.0 

10.0 

22.5 

1S.7 

7 

17.0 

22.0 

8.0 

22.0 

17.2 

s 

16.S 

18.5 

6.0 

21.8 

15.7 

9 

14.5 

17.8 

5.8 

20.5 

15.4 

10 

12.0 

17.0 

5.4 

19.2 

13.4 

13 

4.5 

15.0 

4.2 

16.0 

10.0 

IS 

3.S 

9.6 

4.0 

10.5 

6.9 

24 

2.S 

3.2 

3.8 

4.5 

3.7 

30 

2.G 

0.5 

2.0 

0.3 

1.3 


10.8 mg.; Case 7, thirteen grams showed 13.1 mg.; Case '9, ten grams 
showed 9.4 mg. ; Case 12, ten grams showed 9.4 mg. ; Case 13, six grams 
showed 10.2 mg., Case 14, eight grams showed 6.1 mg., and Case 24, 
nine grams showed 7.9 mg. 

The maximum blood concentration of sulfanilamide was reached al- 
most uniformly in three hours in patients as compared to four hours in 
rabbits. In older individuals, the gradient is not as steep, perhaps due 
to natural cardiovascular and renal changes. 

No significant pathologic changes, gross or microscopic, were seen in 
the intestines or peritoneum of rabbits folloAving direct contact of these 
tissues with sulfanilamide crystals by intraperitoncal implantation. 


DISCUSSION 

No effort has been made to classify our peritonitis cases into the 
classically described local, spreading, and general forms, feeling witli 


Table II 


COMPARING 


Hourly Intrapekitoneal and Bi.ood Concentration of Sulfanh.amide 
IN Rabbits 



— HMiTTubuR) BLOOD concentration intraperitoneal 

rONCBNTBATION 

— 


MG./lOO C.C. 

MO./lOO C.C. 



1 

10,0 

20.0 

500 

2J5 



26.0 

ISO 



30.0 

120 



20.0 

70 


5 

19.S 

20 



iKr , 

s 


( 

a 5.0 

5 


8 

11.0 

4 


0 

10.0 

•f 


10 

4.0 

4 


12 

(.0 

.3 


15 

3.0 

(> 


20 

2.rt 

1 
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I'l’iulk'itis charged 7th p.o. day. 

I’orforatcd gastric ulcer 5 hr. Simple closure 10 Gra. No Uneventful p.o. course. Dis- 

charged 9th p.o. day, ambula- 
tory. Afebrile on 4th p.o. day. 
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Since starting to employ sulfanilamide intraperitoneally, we feel more 
than ever that lavage of the infected area is indicated to mechanically 
remove as much as possible the pus which serves as a deterrent to the 
action of sulfanilamide. All surgeons have been astounded at the 
amount of foul pus that can be aspirated from the pelvic cavity in 
cases of ruptured pelvic appendicitis (50 to 320 e.c. in our cases by 
actual measurement). We have seen the necrotic and “cooked” ap- 
pearance of appendical “beds” when a gangrenous retrocecal appendix 
has ruptured and almost disintegrated in a pool of pus. We have 
closed with dams and drains and later spent many days changing the 
foul-smelling dressings, the veritable “pus compresses" which were 
sure to follow — anxious, miserable, expensive days for the patient, with 
always the threat of intestinal obstruction under an unsightly scar. 
Tliis side of the picture is rarely presented, or glossed over, when sur- 
gical reports arc written ; it is taken for granted. Since sulfanilamide 
has lieen added to oui- armamentarium we have been able to close most of 
these cases confidently Avithout di'ains, secure primaiy wound healing, 
and discharge these patients promptly after smooth postoperative 
courses. 

Regardless of the amount of pus in the abdomen, we limit drainage 
to only those cases with extensive irremovable devitalization of ttssuc. 
Loclcwood and Ravdin” in tabulating the improvement in appendicitis 
mortality since using sulfanilamide (parenterally and orally) show only 
one death in 318 cases, truly an admirable record. Still, 41 per cent 
of 1hc.se cases were drained. It is our belief that the number of eases 
recjuiring di’ainage could be rendered exceedingly small by the local 
u.se of sulfanilamide, after adequate removal of pus by suction and 
.iudicions lavage of the infected area with nonnal saline solution. We 
feel that the so-called danger of “spreading the infection” has hecn 


highly overestimated, that in most cases the infection is at least micro- 
scopically well beyond the area actually touched by the .saline lavage. 

The exiicriinents with rabbits revealed that even lethal doses of sul- 
fanilamide crystals placed directly in the abdominal cavity showed 
neither gross nor microscopic evidence of ti.ssue damage. The study of 
the blood concentration of sulfanilamide in our patients after intra- 
peritoncai administration of the drug showed that ab.sorption w,ns quite 
rapid, reaching the maximum in three hours, ami that for each gram 
of inlrai'critoncal stdfanilamide we could expect 1 mg. per cent con- 
centration m the blood. In an experiment on dogs Ravdin and co- 
workefs' (iemonstrafed that one am! one-half horn's after administration 
of sulfanilamide by bypoderinoclysis the jicritoncnl concentration was 
.,,,11 i,.ss than one-half the hh.od level (41.0 to 43 per cent of blood 
l,,s,.t. Time being a precious element. e.sitccin!ly in sju-eading peri- 
toiuiw beluoc that the local use presents distinct advantages, <?inec 
th,- nvual sAstcmic medication aims to attain a blood level of 7 jo I'l 
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tioii, enterocolostomr, gall-bladder operations, etc. Wc feel a sen.se of 
.security after closure likened to that after Moynihan's “hypnotic 
stitch.” 

At the time this work was in early progress there ivas no medical 
literature extant de.scribing the clinical use of sulfanilamide crystals 
in the peritoneal cavity. We found oiu’selves in the paradoxical position 
of ti-ying to jmstify our succe.ssful eases. The literature on the sulfona- 
mides is growing voluminou.s and it is gratifying to .see that clinical as 
well as experimental report.s appear to ju-stify and indicate its intraperi- 
toneal use. 

Dees'- reported a consecutive scries of 25 cases of perforated ajipen- 
dices operated upon between November, 1939, and September, 1940. 
Only one patient was lost, operation being performed after an elaiised 
time of seven days, with the ]>atient in a slate of generalized peritonitis 
with abdominal distention. This author has used what seems to us 
an inordinately large amount of the drug, “A standard do.se of sulfanila- 
mide was used on all these ease.s: 20 grams, ’’ especially when his age 
grouj) varied from four to sixty-eight years. No untoward drug re- 
actions were recorded, and the author makes the interesting olxservation 
that “the greater the degree of peritonitis, the higher the blood con- 
centration.” 

Ivey and Frankel'^ have furtiier shown that in experimental animals 
sulfanilamide, sulfapyridinc, and sulfamethylthiazole in jiowder form 
are well tolerated by the .ioints, musele.s, and conneetive tissues. The 
drugs in solution were found well tolerated by .ioint, ]deural, and peri- 
toneal surfaces. 

Recently Lockwood” has advanced a rea.sonable working hyi)othesi.s 
of the mode of action of sulfonamide drugs. These compounds bear a 
stnu-tural similarity to p-aminobeiizoif acid, which is e.ssential to bac- 
terial nutrition. By virtue of this .structural similarity the molecules 
of .sulfanilamide are capable of coin])etitively replacing molecules of 
p-aiiiinohcnzoic acid in the cycle of bacterial nutrition. The bacterial 
cells cease to divide and the resultant inhibition of bacterial rei)roduclion 
max be called '•bacteriostasis.” Lockwood points out that “The con- 
centration of sulfonamide re(|uircd for complete baeterio,stasis may be 
irrcatcr than is .sui>i>licd the area throutrh the physiologic proec.ss of drug 
transport However, it the molecules of .sulfomuniile gretitly oiiltnimber 
tlie molecules of ji-amiiKibcnzoic acid, the bacteri.i cease to multiply, 
their toNin i>roduetion stops, and they will die either from ‘starvation’ 
,,!■ I.x tailing I>rey to the phagoeytie eells of the host. When this 
si i|uenee takes place in the body, the infeel ion no longer spreads into 
iicxv arc. IS. tlu' bacteria arc vieslroyeil, and the jiatient recovers.” 

p iiiiiinolicn/oie acid and tlie like substaiiees jire.s.'ni in jms ;iud 
11, -erotic tissues, thus, in iuiiction. arc sulfonamide inhibitors. It follows 
naiiirall.' that adeipiati- removal of pus is of prime importance in treaf- 
,nc purulent mfceiton.s with sulfonamides, and jicnlonitis, -ive contend 
shonld not be an csoptinn. 
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mg. per cent, we have at hand a precise method of attaining the desired 
therapeutic blood level in peritonitis within three houns. Thus, recently 
we have routinely employed 8 to 10 Gm. on tlic basis of the above find- 
ings. As pointed out by Jensen and co-workers,'* reasoning from the 
solubility of sulfanilamide at body temperature (0.8 per cent), wo have 
achieved udthin a few minutes at the ver.v site of infection a concentra- 
tion nearing 800 mg. per cent. A concentration adequately Ijactericidal 
for some organisms and Iracteriostatic for others is maintained safely 
beyond the time at which the usuallj' desired therapeutic blood level 
has been reached. 


As shoum by Fig. 3, our patients have a sulfanilamide concentration 
in the blood of from 5 to 8 mg. per cent at the end of 12 hours following 
operation, and at the end of twenty-four hours, it is still betAvecn 3 
and 5 mg. per cent. Because of the massive single dosage with its rai)id 
absorption we were concerned whether any consistent deleterious effect 
might be produced on the normal leucocyte reaction. In several cases 
closely followed we found no depression of the leucocyte count, the 
degree of leueocytosis being generally compatible with the severity of 
the infection and the response of the host. Thus in patient S.K., the 


preoperative leucocj’te count was 13,600 with 86 per cent polymorpho- 
nuclears, the second postoperative day 11,900 with 85 per cent poly- 
morphonuclears. In patient K.S., the preoperative count was 19,100 
with 92 per cent pol.vmorphonuclears ; first postoperative day 15,600 
and 78 per cent polymorphonucleai-s ; second postoperative day 9,300 
with 77 per cent polymorphonuclears ; fourtli postoperative day 6,800 
and 81 per cent polymorphonuclears. On patient T. N., a perforated 
oastric carcinoma case, daily blood counts were done for eleven con- 


secutive days. The i)rcoi)erativc count was 6,000 with 86 per cent poly- 
morphonueiears ; it was 7,400 with 91 per cent polymorphonuclears on 
the third postoperative day, and on the eleventh day, the count was 
8 200 In patient IM.F., the preopera live leucocyte count was 24,400 
with 88 per cent polymorphonuclears; on tlie third posloi)erative day, 
the count was 21,400 with 90 per cent polymorplionuclcars. 

In our limited series of cases we have encountered Jio untoward toxic 
■f stations. The patients arc remarkably serene and comfortable 
"'^The first postoperative day and are generally able to continne sul- 
Jlihmidc medication and take fiuids orally. The drug is giv.m j.ar- 
^ ‘ n nfter sui’ccn' involving the .stomach or bowels, oi- if nau.sea 

enteralB atte ‘ ^Ve have also discovered that in onr 

precludes 01 ale ,.(.,.ently encountered the hilhcrlofore 

female paticn s ^ 7 )velitis and bladder infection. In jiassing. 

occasional pos ni'cnfion that in our .service we feel we have 

it may ud ‘ bugbear of wound aitseesses by iiy at 

almost overcome ic • operative wounds with jiotentiality 

sulfanilamide p jsed intra-abdominally after eastric- n -.ee- 

of infection. F 
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They recorded nine fatalities in thirty-one cases having positive cultures. 
Eight of the fatalities were associated ivith streptococcus. Among other 
things, their present technique includes suction removal of intraperi- 
toneal and intrapelvic fluid, 5 to 10 Gm. sulfanilamide crystals 
sprinkled about the lesion with 3 to 5 6m. in the abdominal wall, and 
the wound closure with silk using no intraperitoneal drains. 

Table IV 

Summary of Berult.s 


Ruptured appendicitis with poritoniti.s 

A. Primary- clo.sure of the wound without 
drain 

1. Primary healing of the wound 

2. Wound hematoma 
Wound infection 

•t. Intraperitoneal infection — feeal fistula 

B. Closure of the wound with drain 

Appendical sib.ccc.ss with drain 

Perforated peptic ulcer (primary elo-suro of 
nound without drain) 

Perforated gastric carcinoma (subtotal gas- 
trectomy) yvitli primarj- closure of wound 
without drain 

Stab wound in the small intestine (clo.surc 
of wound with drain) 

Acute salpingitis with pelvic peritonitis 
(without drain) 

Pnciiniocnccic peritonitis 

(iangrenoHS cholecystitis yvith generalized 
peritoniti- 


XO. OF C.\SE,S 


Wound healed per primam 

Evisceration on eighth p. o. 
day. Wound healed per 
primam 


V ouml healed per primam 

Wound healed per primam 
Wound he.-iled jier primam 


.l!iek.s()!i" of Amt Arbor reeciitly rciiorled on flic inlra])critoiienl use 
of sulfjiuihunidc. Ho roeognizcl it as a souml j.roooduro. In ],i.s .studies 
of bloo.l sulfitnilaniido ooneontration after intraperitoneal implantation 
of thortipeutie amounts in jtalionts and dogs ho found the peak level -it 
about two bonrH. falling raj, idly to almost nothing at tlio end of Iwcntv 
font- hot.rs Twonty-f.vo pationts received sulfanilamide intrapoH- 
lonealiy at Ibo Diversity of Michigan Hospital during the venr 1940-4] 
indieat,on.s bomg peritonitis, largo bowel surgery, and peritoneal soilimc 
yy.tb eonteitts of the gastrointestinal Iraef. No fatalities were recorded 
n, the per.ton.t.s eases except in those in which sulfanilamide was not 

cont.nued. T he only compHoafion wltioh eansed concern was icterus in 
s,x patten s which was f,.], ,j j 

d.scon ...n.ng the rlntg. Cheeking in experimetai animals it was 
found tlmt dmmg the absorptive phase .sulfanilamide levels after intra 
peritoneal impltintntion were HO to 4n tin.. . t • i mtra- 

1,1,. ,.l 11,1,1. i» ,;i„; ' "»• P-n,.! 
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Impressed bj'^ the groundwork of Loelavood, Kosenburg and 
proceeded to experiment with peritonitis in rats. The peritonitis was 
produced by injecting pus from clinical cases of appendicitis and peri- 
tonitis. In a series of 42 white rats, 20 of a possible 21 unprotected 
rats died of peritonitis. However, 11 out of 21 rats protected by tlie 
simultaneous injection of a sulfanilamide suspension lived indefinitely. 
In another experiment, 48 rats were given sulfanilamide either intra- 
peritoneally or subcutaneously, four to twenty hours after production 
of peritonitis. With intrapei-itoneal treatment 17 good results out of 
24 were reported, as compared with the 7 good results out of a possible 
24 when sulfanilamide was given subcutaneously. Prom the experi- 
ments, although admittedly not conclusive, the ai;thors felt some degree 
of protection was afforded by intraperitoneal implantation, more so 
than by the subcutaneous route. The 3 ' recommend intraperitoneal im- 
plantation of sulfanilamide in peritonitis cases augmented immediately 
bj’’ subcutaneous sulfanilamide. Four clinical cases of peritonitis were 
presented with recoverj'^ in all: two cases of appendical peritonitis, a 
case of gross peritoneal contamination from bowel punctures during 
operation for intestinal obstruction, and a case of appendical abscess 
M'ith bowel obstruction and contamination. 

Thompson, Brabson, and Walker’® reported on the intraabdominal 
use of sulfanilamide in acute appendicitis at the Koosevelt Hospital dur- 


ing the year 1940. It was employed in a total of fifty-nine, or 29 per 
cent of 204 cases, chiefly in those with peritonitis or abscess formation. 
Not a single patient was lost during the jmar— a mortality rate of zero! 
This was compared with a series of 741 similar cases at the same hospi- 
tal operated upon during the period 1935 to 1939, including simple 
acute, peritonitis and abscess cases. There were twenty deaths, or a 
mortality rate of 2.7 per cent. With employment of sulfanilamide com- 
plications seemed less frequent and less severe, no local tissue de.stniclion 
was found, and no severe toxic effects were encountered. The authors 
point out that a mortality rate approximating zero must not be expected 
with sulfanilamide since dissociated conditions, such ns embolism, can- 
t be obviated. They arc firmly convinced, however, that the dramatic 
reduction in their mortality rate is directly attributable to sulfanilamide. 
P • ham” of Brooklvn now employs intraperitoneal and subcutaneous 
iflTdWmide in appendicitis with peritonitis, gastric and intestinal 
sulfanilamiae ^r^ of colostomies, operations for intestinal obstruction, 
resectio > , hollow abdominal viscera, “with greatly improved 

f „ rpjiis author employs 4 Gm. of sulfanilamide in 500 c.c. .saline 
rc.sults. • hitraperitoneal dose. 

solution as A^foiicic” have analyred 111 consecutive casc.s of 

Griswold , seen from 1931 to 19-10 at the Louisville City 

perforated pep lo ^ iniportaneo of the streptococcus in relation 

Hospital.^ Theyj local .imitlanlation of sulfanilamide. 
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.SUJIi\I.\RY AND CONCriUSION 

1. A consecutive senes of pcritonilis cases iiavc boon presented in 
which sulfanilamide crystals were implanted intraiieritoneally and (he 
abdomen generally closed without drainage. There were no untoward 
reactions, no intra-abdominal complications, wounds healed per prhnnm, 
and the patients Avere discharged promiitly after generally smooth ])osl. 
operative courses. 

2. Collateral studies done on rabbits revealed that intraperitoneal 
absorption of sulfanilamide Avas very rapid, maximum absorption being 
in four hours; hoAvever, an extremely high concentration Avas maintained 
intraperitoneally until the maximum blood concentration Avas readied. 
No pathologic changes, gross or microscopic, Avere discovered in the 
peritoneal tissues even after contact Avitli lethal doses of sulfanilaniide 
crystals. 

3. Blood sulfanilamide levels determined on patients receiving sul- 
fanilamide intraperitoneally rcA-ealed that the maximum hlood concen- 
tration AA'as attained in three hours, and that for each gram jilneed 
intra-abdominally avc could expect 1 mg. per 100 c.c. con con li-a lion in 
the blood. 

4. In cases of peritonitis avo haA’c at hand a precise method for 
rapidly attaining a desired therapeutic Ica’cI of sulfanilamide in the 
blood Avhile establi.shing immediately at the side of infection a concen- 
tration of sulfanilamide impo.ssiblc to attain by other melhod.s, a con- 
centration adequately bactericidal for .some organisms and bacterioslalic 
for others. 

5. The series of cases pre.scntod is admittedly small, Imt avc feel Avith 
confidence that time Avill only add to (he total increment of ca.ses- sue- 
eessfully treated, AA-ith no more peril than that associated Avith snlfanila- 
mide in other fields of theraiw. From our observal ion.s, avc believe that 
the intraperitoneal u.sc of sulfanilamide is a safe, I'ational, and elTcclivc 
procedure. 
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THE EFFECT OP SULFANILAjMIDE CEYSTALS, 

USED TOPICALLY, ON THE FATE 
OP TKANSPLANTED BONE 

Some Experimental and Clinical Observations 

Thomas Horwitz, SLD., Philadelphia, Pa. 

S ULFANILAMIDE and its derivatives are being employed in bone 
and joint surgery as a prophylactic measure to prevent the re- 
lighting, by the trauma of surgical intervention, of a pre-existing, 
quiescent infection. Indeed, this measure has been suggested ns a 
routine step in surgery of clean bone and joint eases without any liis- 
tory of preceding infection. 

Although the use of local chemotherapy has been recommended in 
bone grafting procedures, tlie use of tlie sulfonamide compounds in 
this field of surgeiy vdll depend, among other things, upon proof that 
these drugs are not deleterious to the normal process of incorporation 
of a bone graft by the host bone. The purpose of this communication 
is to offer experimental evidence and some clinical proof that the local 
use of sulfanilamide in powder form has no adverse effect on the fate 
of transplanted bone. 


EXPERIiMENTAL METIIOD.S AND MATERIALS 

Eighteen adult rabbits, weighing Iictwccn 2,000 and 4,000 Grams. 
Averc operated upon under ether anesthesia. In 6 animals a graft was 
removed from one tibia and tramsplanted to a prepared lied on tlie 
opposite tibia, while a graft from the latter tibia was transferred to 
the former limb. One Avound, serving as a control, Avas closed in layers 
Avithout the use of any drug locally. The other aa-ouikI Avas packed and 
the bone graft surrounded Avith sulfanilamide crystals in 4 rabbits and 
sulfathiazole crystals in 2 rabbits and the Avound avos closed in layers. 
In 2 animals the above procedure Avas pursued Avitliout using any drug 
■ 1 either Ic". In 2 rabbits, a .segment Avas resected from one ulna and 
was tramsplanted to an identical defect in the opposite idna, and this 
q'en was reversed, the radius acting as a splint for the extremity. 
Llfannamidc crystals AA-ero packed into the wound of one limb, after 
, ‘ oimosite control avoiiiuI into A\hicli no drug had been 

dosurc „,..s tramsplanted from the iliac cre.sf 

introduccc. ^ tibiae, one leg Avound beinir i)neked AA-itb 

to prepaie ■ j jinimals and Avitii snlfatbiazole ciy.stals iri 

sulfcnilamic c cr . opposite contnd Avound into avImcIi no 

1 animal, after cio^uu 

dimg had been implantcri. 

— mr o-t. nn. ^ 
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The powdered diTigs were not sterilized. No postoperative fixation 
was employed other than firm adhesive dressings. The animals were 
killed at intervals of one, two, four, six, and eight weeks following 
operation, and the operated bones were removed, roentgenographed, 
and examined histologically. 

Remarks . — It was my opinion (and this has been held by Key and 
Burford' in their experimental work) that the concentration of the 
drug was not maintained long enough to affect the fate of the bone 
graft of the opposite control side wherein no drug had been implanted 
locally, and that the use of a control in the same animal was preferable 
to using different animals of apiiroximately the same size, age, sex, 
and weight. To offset any criticism, however, the experiment was re- 
peated in the tibiae of two rabbits, Avithout using any drug. The fea- 
tures of the incorporation of bone graft by host bone were identical, 
voentgenogvaphically and histologically, with those in the control legs of 
the other experimental animals, wherein no drug had been implanted 
locally. 

No effort was made to sterilize the drug and there were no indica- 
tions, grossly or microscopically, of postoperative infection. This evi- 
dence, supported by some clinical experience, suggests that the sulf- 
amido drags may be sufficiently bacteriostatic not to require sterilization 
for their local use. Some authors (Key, Frankel, and Burford Muel- 
ler^) recommend sterilization of the drug for local use, Avhile others 
(Stuck, Maxwell, and Monsalvo Herrell and Brown®) consider this 
to be unnecessary. 

Obseraotions. — Roentgenographically, the transplanted bone graft was 
united to the host bone in both treated and control limbs by the fourth 
week, although a distinct zone of demarcation Avas still CAudent. The 
graft Avas Avell incorporated by the sixth Aveek and by the eighth Aveek 
it Avas indistinguishable from the host bone (Figs. 1 and 2 ). 

Grossly, the bone transplant A\'as firmlj' united to the host bone, in 
both drug-treated and control limbs, by the fourth Aveek. Histologi- 
cally, the fate of the bone transplant Aims identical in the treated and 
control bones. The main mass of tlie bone graft Avas seen to sequestrate 
and die, except for some viable cellular elements at its periphery. The 
graft was gradually removed by vascular resorption, slight osteoclastic 
activity, and the ingroAvth of very cellular connective tissue in AA'hich 
neAv bone Avas formed. The ad.iacent periosteal tissues also demonstrated 
eonsiderabic osteobin.slic activity. These processes of filirous tissue in- 
va.sion, metajdasia, and replacement of dead bone by young living bone 
occurred concomitantly. Except for isolated fragments of dead bone, 
the original graft had been almost entirely replaced by the eighth week. 

In those Avounds Avherc the sulfonamide drugs were implanted locally 
the fibroblastic reaction of the paraosseous tissues appeared oxcessiA’e. 
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This was possiiily an expression of reaction to the ervstallme foreign 
substance, although other evidences of foreign liody reaction, such as 
inflammatoiy cells and giant cells, were not evident. Indeed, crystals 
of the implanted drugs were not cmdent in tlie specimens as early as two 
weeks postoperatively. 



CLINICAL M.VTLRIU. 

I ulili/fd suiraniljiinide erjstals in five )iatienl.s in wliom ma.ssive bone 
griiflN Mere employed. In thivc of these eases distinct infection iva.s 
present at the time of operation. One of the three infected patient.s, a 
oti-year-oUl wiiite male, had an extra-artieulai' fusion for a jirogrcs-sivcly 
destruetise luhereulous arthritis of the ivrist, despite the }>re.sence of 
muitipie liraining simise.s that were seeomiarily infeeted ivith a variety 
of stveptoeoeei and stajdiyloeoeci. The second jiutient, a 14-year-oid 
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white male, ^vitli a congenitally defonned foot and anlde, gave a history 
of infection following operation on the affected foot thirteen yearn pre- 
^^onsly. During a panarthrodesis procedure, a pocket of pus was ex- 
posed, from which a pure culture of Staphylococcus aui'cus was grovai. 
In the third patient, a 51-year-old colored male, the field of a second- 
stage bone graft for a tuberculous spondjditis was contaminated from a 
pocket of pus at the upper end of the first graft, which had been inserted 
four weeks previously. Sulfanilamide was implanted locally in tlic 
fourth, potentially infected, ease, at the site of a bone transplant for non- 
luiion of the tibia following an infected compovuid fracture. The fiftli 
ease was a clean case without a history of preceding infection, in wliieli 
a bone graft had been eniploj'ed for a tuberculous spondylitis. 


In all of the eases the operative procedure was completed mth pri- 
mary closure of the wound after local implantation of 4 to 16 Gin. of 
powdered sulfanilamide (sterilized drug in four patients, unsterilixed 
dz’Ug in one). The sulfanilamide level of the blood in each ease was 
maintained by the oral imute for one week postoperatively. The infec- 
tion was completely controlled in the three infected cases and in the 
one potentiallj^ infected case, all wounds healing by primary intention. 
In the 4 cases in which bone grafts were employed for artlirodesing pur- 
poses, the transplanted bone became well incorporated and the fusions 
were solid by the fourth postoperative month. It is too early to evaluate 
the ultimate fate of the bone graft in the ease with tibial nonunion, but 
the progress of its incorporation thus far has been most satisfactory.® 
Bcmarlcs . — It cannot be denied that the fortunate outcome in llic three 


actively infected cases and one potentially infected ease might have oc- 
curred without the use of the drug. Tlie e.xpcrienee in my five cases, 
however, con'oborates the experimental evidence previously defineil and 
indicates that the local use of the powdered sulfonamide compounds 
exerts no untoward or deleterious effect on the fate of a bone graft. An 
extensive, well-controlled trial will be necessary before any reliaiilc con- 
elusions are established as to the merits of local clicinotlierapy in Imne 
graft surgery. The experience of Campbell and Smith" is of limited 
value in this're.spcct. These aitthoi^;, in their report in 1.9-10, had reduced 
the incidence of infection following bone graft procedures in healed com- 
Tionnd fractures with latent or jiotential infection, Iiy the use of the 
Llfadrims from approximately 50 per cent (in a scries of 261 onlay 
1 .rraft operations performed prior to the use of the drugs) to less 
1 O' -no,- cent Thev failed,' however, to record how tlie sidfonamidcs 
Mten “toinfetotfin all of tl.M» Imt il >VB cvidcnl ll,»l in 
som of tlwn II.C oml .oulc alone liod ten .nn,.lo,v..,]. 
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DISCUSSION 

The sulfonamide drugs are being employed topically in civil and war 
surgery, as a powder, solution, or ointment with or without the supple- 
mental use of the drug sj'stemicallj’', in the prevention and active treat- 
ment of infections, due to susceptible bacteria, of the skin, mucous 
membrane, subcutaneous tissue, muscle, bone, viscera, joint spaces, and 
serous camties. The local use of these drugs in contaminated or poten- 
tially infected fracture wounds has been largely a prophylactic measure 
(Jensen, Johnsrud and Nelson;" Ke 3 ’’ and Burford Stuck, Maxivell, and 
Slonsalvo;^ Campbell and Smith®). The topical use of these compoiuids 
has been extended to all tjTies of bone and joint surgerj^ where it is 
feared that a pre-existing infection maj' be relighted and to extensive 
procedures where there is considerable damage to the tissues or where 
metallic foreign bodies are left in the wound (Kej’' and Burford;' Ke.v, 
Frankel and Burford;- Campbell and Smith;® Ivej^ and Frankel;® Kej-®). 
This measure has been utilized as a routine step in clean bone and joint 
surgerj’- (Key;® Key and Burford'®). The sulfamido compounds are 
being used localh- in the active treatment of acute and chronic bone and 
joint infections (Key;® Dickson, Divelej', and Kiene"). 

Mode of Action of the Bntfonamide Com-pounds . — These diugs pro- 
duce their effect on infections bj* exercising a bacteriostatic effect on 
certain susceptible organisms. Their curative action is maximal when 
(1) the concentration of the drug is high, (2) the local cellular defense 
is most active, and (3) the concentration of “sulfamide inhibitors” in 
the wound is minimal (Lockwood'®). The sulfonamides are, therefore, 
of greatest value in the prevention of infection. 

The topical application of these compounds insures a high local con- 
centration in the tissues. Where the systemic administi'ation of sulfanil- 
amide may produce a concentration of 10 to 15 mg. per cent in the blood 
and tissue fluids, the local implantation of the ciwstalline powder of this 
drug, the most soluble of the sulfamides, makes possible a saturated solu- 
tion and produces a concentration of SOO to 1,000 mg. per cent (Jensen, 
Johnsrud, and Nelson;' Kej- and Burford;' Stuck, Jlaxwell, and Mon- 
salvo' S This concenUation of this di'ug is not limited to the wound 
itself Imt extends into the surrounding tissues and remains constant until 
the drug is entirely absorbed. This concentration in the wound last.s 
approximately foily-eight houi-s; that is, until the drug is eoinpletch- 
absorbed and excreted. It is probable that the concentration of sulfa- 
thiazole and the other less soluble sulfonamides lasts longer (Kex*,® Koj- 
and Burford'®). The only dangers in the topical administration of the 
sulfonamides arc the pos-sihility of some interference with wound heal- 
ing and of the uncontrollable toxic reactions in susceptible individuals. 

Riariinn^t of Local 7'i«si/cs. — Although some ohseivei’s (Thompson, 
Brabson. ami Walker.” Mayo and Miller” ) have felt (!mt healing is 
stmnilated by the sulfonamides, othei-s (Veal and Klcpser”) have noted 
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a deleterious effect of powdered sulfanilamide on normal cellular activ- 
ity. That the local tissues are not inert to this powdered drug is indi- 
cated by the pathologic studies on rats by Davis, Harris, and Schmeis- 
sei’d® who observed a local nonspecific foreign body reaction to the crys- 
talline compound. Key and his co-workei-s'' ® observed no untoAvard 
effects in their experimental animals of the locally applied sulfonamides 
on the healing properties of wounds of muscle, subcutaneous tissue, 
fascia, bone, and joint cartilage. In tiieir clinical experience, however, 
wounds so treated occasionally did not heal normally, and this Avas most 
apt to occur if too much drug had been implanted locally. 

In my experimental animals, except for an exaggerated noninfiamma- 
tory fibroplasia at the site of the transplanted bone, there Avas no undue 
foreign body reaction, and incorporation of the bone graft by the JiosI 
bone progressed at a normal rate. In my limited clinical material, the 
AAmunds healed per primam and the progress of the bone graft in the 
various procedures appeai'cd to be normal. 


Absorption of the Svifonaniulc Drufis 1 T 7 ic» Implanted Locdthj. — TIic 
blood level is of no great significance in local prophylaxis. It Avill de- 
pend on a number of factors: tbc amount of drug used, the soiuln'lity 
of the di’ug, the size of the absorbing .surface, the time inter\'al folloAving 
implantation, and the nature and A’ascularity of the absorbing surface. 
Key and Burford"’ made determinations of the blood concenlration of 
sulfanilamide in several patients after local use of this drug in clean 


operative AA'Oiincls, and the.v noted that this conceniralion vai'icd from 1 
to 9.2 mg. per cent (the latter reading having been made Avhere 10 (!mi. 
Avere implanted locally) on the first and .second postop(>ra(ive da.v.s, and 
that only a trace Avas present on the third day aftei’ operation. They 


obsei'A-ed a level of from 2 to 4 mg. pei- cent in the hlood when a (Im. of 
the drug Avere used locally. In my clinical nmterial tlie siilfaniiamiilc 
loA'els dropped rapidly after the initial tAventy-foui’ to flu'rty-six Iiours 
and AA-erc sustained only by the supi>lemental oral administialion of the 
drim. Hy observation is in Imeping Avilli the recent sindies of Tocan 
tins” and of Tocantins and O'Neil!;'' that is. absoriilion from a hone in 
Avhich the medullaiy cavity had been cximisis] a])))cared to lie more rapiil. 
with an cailier blood kwel J)eak and subse()uenl fall, than when the mar- 
roAV cavity Avas not cximscd. This Avould siigge.sl timt Aviierc the mcdiil- 
1 n- cavity of a bone lia.s been exjiosed for the I'ccejilion of or by the 
^ H of a "raft, and Avhere the sulfonainidos aie imjdanted locally, 
effccr.shou’ld be i)rolongcd by applying a poOion of the .Iriig to 
^ ' 1 .- enft tissues a.s they are cIomsI in l:iyei-s. This would also 

-lA-oid the too rapid occurrence of a liigli systemic concentration 


of tbc drug. 
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even contaminated cases may semm to insure better anatomical and func- 
tional end results over a shorter period of time. The clinical trial of this 
measure voll be dependent upon proof that the sulfonamide drugs, when 
employed topically, are not deleterious to the noimal process of incorpo- 
ration of transplanted hone by host bone. Experimental observations 
in eighteen rabbits and a limited clinical experience with five human 
cases indicate that the local implantation of sulfanilamide crystals has 
no apparent adverse effect on the fate of transplanted bone. 
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'THE ESrPEOVilENT OP COTTON SUTURE MATERIAL 
IN TUB FIELD 

HomiR'c 8. SPARfvJtAK, M.D.,* and William H. Williams, M.D.,* 
Fort Gkorge G. Meade, Md. 

(From the First Evacmtion Hospital, Fort Meade) 


INURING the maneuvers of the United States Army in North and 
^ Sontli Carolina in the fall of 1941, the First Evacuation Hospital! 
was encamped on a sandy field near Rockingham, North Carolina. A 
tent hospital of approximately one-thousand bed capacity was erected, 

• ■wherein medical and surgical care was provided for certain components 
of the First Army. A large tent ivas utilized for the housing of all 
facilities for the performance of major surgical procedures, which were 
undertaken over a period of forty-six daj's between October 26 and 
December 5. 

The circumstances under which professional care was administered 
Avere presumably comparable in some respects to those Avhich one might 
encounter in the field in wartime. Patients requiring emergency sur- 
gery ari’ived at the hospital in soiled field clothing after haAung passed 
rapidly througli clearing stations and other forward echelons. The 
greater part of tlie preparation and sterilization of operating room 
supplies Avas performed by enlisted personnel, Ai^ho also acted in the 
capacities of scrub nurses and circulating nurses. The problems of 
dust and insect control Avere considerable. The sides of the operating 
tent Avere screened; insecticidal solutions Avere sprayed throughout the 
tent at frequent intervals ; cardboard compartments Avere erected Avith- 


in the tent to enclose the operating area. Although these measures 
Avere helpful, they did not afford a complete solution to the problem of 
insect and dust control, and, in ^ite of vigilance on the part of all 
operating room personnel, it Avas not a rare occurrence for a fly to 
alight upon the Mayo table during the course of an operation. 

Inasmuch as circumstances here enumerated Avere felt to constitute 


a situation predisposing to Avound contamination, considerable specu- 
lation arose as to the choice of the most satisfactory suture material. 

The selection of cotton as a suture material for most eases Aims sub- 
stantiated by the highly encouraging reports of those Avho had used it 
in contaminated cases, notably Meade and Ochsner,’> as well as by Rie 
previous experience of both of the Avriters. Indeed, it is the contention 
of Meade and Oehsner^ that the most important use of nonabsorbable 
suture materials is in grossly contaminated wounds, and they state 
further that “this contention ... is based upon the experience that 
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the grossly contaminated abdominal wound closed ■with catgut is par- 
ticularly likely to disrupt, probably because of two factors : (1) delay 
in wound healing because of the infection, and (2) early digestion of 
the suture material by the large amount of proteolytic ferment liber- 
ated from the leucocytes. In such an instance the coaptating suture 
becomes valueless before -wound healing has been completed, or, in 
some instances, even started. If, however, a nonabsorbable suture, 
particularly cotton, is used, the wound is held intact until infection 
has subsided and complete healing has occurred.” Moreover, in -view 
of the limited nursing facilities which are to be expected in a field 
liospital, and because of the possible necessity of evacuation of pa- 
tients over long distances to station hospitals early in convalescence, 
the added protection of nonabsorbable suture material seemed par- 
ticularly desirable. Meade and Ochsner' have, in fact, made the pointed 
statement that cotton thread would be a very satisfactory suture in 
field hospitals in wartime. 

During the period of encampment 124 appendectomies were per- 
formed. Cotton was employed as the only suture mateiaal in every 
case, udth this exception ; that fine plain catgut was used for ligation 
of the appendical stump in most instances in which the stump was in- 
verted. The McBurney incision was used exclusively. There was no 
mortality in the group. 

Cotton was of the ordinary nonmercerized variety, either in black or 
white. It was sterilized by boiling for 20 minutes or by autocla-ving 
for 15 minutes at 15 pounds pressure, after having been wrapped on 
.spools made of 4 cm. segments of .soft rubber tubing. Size No. 80 cot- 
ton, usually black, was used for skin closure, while No. 100 white was 
used for ligation of blood vessels immediately beneath the skin. Either 
No. 50 or No. 80 cotton was employed in closure of the remaining 
layers of the lyfcBuniey wound, depending upon the individual pref- 
erence of the operator. Exclusive of the peritoneum, which was always 
closed with a continuous suture, interrupted sutures were used through- 
out, Ligation of the mesoappendix was accomplished either ■with No. 
50, No. 20. or No. 8 cotton, the larger sizes ordinarily having been 
employed when the operator desired to ligate the main bulk of the 
mesoappendix en ma.sse. In twenty instances the appendical stump 
was not inverted, cither because the operator preferred noninversion 
or because the extension of inflammatory reaction to the cecum contra- 
indicated such a procedure. Inversion in the remaining 104 cases was 
accomplished with No. 50 or No. 80 cotton. 

Prolonged scrubbing of the abdominal wall with soap and water was 
adopted as a routine preoperative measure. In cases exhibiting per- 
foration or gangrene of the appendix, ns well as in some additional 
eases where the degree of .suppuration was e.xtensive. sulfathiazole or 
sulfanilamide powder in 8 Gni. quantities was implanted in the peri- 
toneal cavity, although on no occasion was either drug placed in the 
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■wound ilsoli'. In every ease llic avouucI was subjected to copious irri- 
ftatiou Avith physiolop:ie saline solution following tbc closure of each 
layer. 


Of J 24 specimens removed, 7'), or (13.3 per cent, showed histopath- 
ologic evidence of acute suppuration, and 27 of the 79 .showed gross 
evidence of gaiigi-ene at the time of removal. There were two in- 
stances of perforation (Case 97 and Case 113). In the first instance 
oidy local peritonitis was oh.scrved, whereas the second was associated 
with diffuse suppurative peritoniti.s. In two additional cases (Case 98 
and Case 112) gro.ss contamination occurred as the re.sult of disruption 
in continuity of the wall of a gangrenous appendix during the coiu'se 
of its removal. In each of thc.se four cases a narrow strip of soft rub- 
ber dam was placed down to the peritoneum, which was closed. Drains 
in each instance were removed on the fourth or fifth postopei’ative day, 
Avliereupon each of the wounds in question healed by first intention. 

In the remaining 120 eases both tlie peritoneal cavity and the Avonnd 
were closed without drainage. Conclusions regarding Avound healing 
in this group are generally based upon a period of postoperatiA^e ob- 
seiwation of eight days, inasmuch as uncomplicated cases Avere eA'acii- 
ated to Station Hospitals after elapse of that number of days. Subse- 
quent Avritten communication!?, Iigaa'ca'Cv, haA'e been received in 66 in- 
stances. In the gi'oup of 120 eases there Avere only four patients (Cases 
3, 49, 56, and 78) in AA'hom any variety or degree of Avound complication 
Avas observed. In three of these (3, 56, and 78) a small collection of 
uninfected serous fiuid Avas evacuated from the Avound on one occasion 
only, for each case, Avhereafter it did not reappear. It is felt that 
these cannot be regarded as instances of Avound infection. The one 


remaining patient (Case 49) developed a left femoral thrombophlebitis 
on his sixth postoperative day, and suffered disruption of his aa'ouikI on 
the thirteenth postoperative day. PolloAving- the evacuation of a lai-ge 
quantity of purulent material, the avouikI healed by granulation. The 
incidence of Avound infection, assuming this to be the only instance 
Avhich can be so regarded, is 0.83 per cent in the series of 120 eases, 
and the incidence of AVOiAiid complication of any sort, regardless of 


nature or degree, is 3.33 per cent. 

In one patient (Case 70), regarding Avhom no specific mention has 
heretofore been made, there developed on the fifth postoperatiA^e day 
sudden evidence of generalized peritonitis, in consequence of which 
his abdomen was reopened at the site of his previous wound. It was 
^ tint an abseess had formed about the appendical stump 

h^eh had not been inverted) with subsequent rupture of the abscess 
■ Tl the tneral peritoneal caAuty. The peritoneum, however, Avas 
into the □ nnue-irance of the Aimund at the time of its re-entry 
sealed, and the PP ‘ dealing. Convalescence and Avoimd heal- 

Avas clearly that oi p 
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ing were tineventful following drainage of the abscess. No attempt 
was made to remove the cotton sutures -which had been introduced at 
the first operation. 

COMMENT 

Because of our fear of increased incidence of postoperative pulmo- 
nary complications arising from the nature of our accommodations, 
the general policy was adopted of allowing patients to he out of bed 
on the second or third day following operation. No ill effects of any 
sort -u'ere observed therefrom. lYc should not have been able to permit 
such early locomotion with equal assurance had we not enjoyed the 
sense of added securit 3 ' arising from the use of nonabsorbable suture 
material. As a corollary to this it maj* be sugge.sted that an analogous 
■situation exists when it is necessary for soldiers -who have been oper- 
ated upon in the field of combat to be evacuated considerable distances 
bj' motor over rough tei'rain to hospitals in the rear echelons. 

It is not to be presumed that the gratifvinglj^ low rate of wound 
infection and wound complication achieved under circumstances tend- 
ing to favor rvound contamination is to be ascribed to the nonirritant 
features of cotton sutures alone. On the eontrarjL we were of the 
opinion that careful prcoperative skin clean.sing and copious irrigation 
of wounds were of primary importance in promoting uncomplicated 
wound healing. 

Our experiences with cotton suture material are in entire support of 
the contentions of Jleade and Ochsner. that cotton maj’- be cmplojmd 
safely in clean, contaminated, or infected wounds. "SVe encountered 
no evidence to indicate that cotton acts as a detriment to wound heal- 
ing in anj' way. Similar conclusions have been reached bj' Thorek,^ 
ftnthrie.-'' Farris,'"' and Cannadaj'.' 

Finallj'. of less importance but of sufficient significance to justif}' 
its mention, cotton posses.scs the additional advantages of being ine.x- 
pensive. plentiful, easj' to cariw, and easj' to sterilize. Jleade and 
Bong' state that the average cost of cotton in 100 surgical procedures 
was F 1 cents per ease, whereas the cost of catgut, as computed from 
a scries of 4(i0 operations, was .$l.lfi per case. 


CONCLUSIONS 


Cotton suture material has been cmplo.ved in 124 consecutive appen- 
dectomies performed in a tent upon soblicrs engaged in field maneuvers 
simulating warfanu The results iibtaiued therein are regarded as a 
reasonable basis for tlu- conclusion that cotton is a .satisfactoiw suture 
material tor field use in clean, contaminated, or infected wounds. 
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THE USE OP ESTEOGENIC 
SUBSTANCES IN THE PBEOPEEATIVE AND 
POSTOPEEATWE TREATMENT OF HYPEETHYEOIDISJI 

Ambrose H, Storck, M.D., amd 
R. Gordon Holcombe, Jk., M.D., Nem" Orleans, La. 

(From the Department of Surgery, School of Medicine, Tulane University; Touro 
Infirmary; and the Charity Hospital of Louisiana) 

T he use of estrogenic substances in conjunction with the surgical 
treatment of hyperthyroidism has pre%aousIy been discussed by one 
of us (A. H. S.).^ As indicated in that brief report, emplojunent of this 
form of therapy was based upon inliibiting the secretory actmty of 
the anterior lobe of the hj'pophysis, thereby reducing the production 
of anterior pituitary thjTOtropic hormone, a mechanism suggested by 
Sherwood and Bowers,^ and later by Grumbrecht and Loeser.® 

The low blood concentration of thyrotropin which has usually been 
found to exist in hyperthjToidism"''^ implies that considerable im- 
provement would not accompany a further reduction of thyi-otropic 
hormone levels, and that any good effects folloAving estrogen therapy 
are probably not the result of inhibition of thyrotropin production. 
However, not only has it been found'- that in hyperthyroidism there 
is sometimes an increase in the amount of thyi'otropin in the blood, 
but Starr and Patton'^ have shown that in hyperthjnoidism there is an 
increased sensitivity to thjTotropin. 

Because a lowering of basal metabolism was observed following the 
administration of estrogen to thyroidectomized animals, Sherwood'^ 
has concluded from his more recent studies that the basal metabolism 
lowering effect of estrogenic substances is due to a direct hormone 
antagonism in the tissues rather than to either a direct influence on 
the th3u-oid gland, or mediation through the pituitary gland and the 
anterior pituitarj’' thyrotropic hormone. However, entirely apart from 
the beneficial effects which a lessening of thyrotropic hormone produc- 
tion might have by retarding stimulation of the thyroid gland, reduc- 
tion of the direct metabolism-stimulating effects produced by certain 
pituitaiy extracts*''-- is an additional mechanism whereby inhibition 
of pituitary secretion might contribute to the beneficial effects of 
estrogen therapj’ in hj-pertlyroidism. These latter findings, along with 
tliose-'— ' concerning the pituitarj'-thjToid relationship or the tlyroid- 
slimulating effect of anterior pituitaiy thyrotropic hormone, coupled 
with the demonstrations’*' of the basal metabolism-lowering effect 
of estrogenic substances in experimental h.vpcrtlyroid animahs, con- 
stitute a rational basis for the administration of estrogen in conjune- 
tion w ith the surgical treatment of patients with hyperthjToidism. 

for piibllc-itlon. Nov. 14. 1941. 
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Additional ijifei’ences wiiicli itiiglit ))e drawn from clinical obseiwations 
concerning lliyroid-pitnitai'y-ovarian relationships at puberty, in preg- 
inincy, in castrates, and at the nienoj)ausc, as well as in obesity, Cush- 
ing’s disease, Simmonds’ disease, acromegaly, myxedema, and hyper- 
tliyi'oidism arc not included in this brief report. 

Collateral estrogen therapj'^ would seem to be e.specially appi’opriate 
when hyperthyroidism is sevei’C, when there is unsatisfactory response 
to the usual methods of preoperative preparation, and during the in- 
tervals between multiple-stage operations. ’J’his report presents Avhat 
are considered to be some significant favoralde effects observed in five 
ea.ses which received this sipijilementary therapy. 

DcscnjMon of Cases Rccciviiiff Estrogen Therapy . — The five patients 
to whom estrogen tlierapy was given had diffuse hyperplastic 
goiters and were selected to receive estrogen therapy either because 
of extreme toxicity or because the}' had shown no improvement fol- 
lowing the usual preoperative preparation. In each case, subtotal 
thyroidectomy was performed by the same surgeon (A. H. S.). In three 
cases the operation was done in a single stage, while in two cases a 
two-stage operation was performed. Two of the patients had received 
iodine elsewhere for some time preceding hospital admission, and were 
considered to be iodine-fast. In addition to estrogen therapy, preop- 
erative preparation included bed rest; Lugol’s solution, minims 10 to 
15 t.i.d. ; sodium bromide sedation; a high caloric diet; calcium glu- 
conate, gr. 15 t.i.d. ; and large doses of vitamins A, B,, or B complex, 

C, and D. Three of the patients had a fulminating type of hyper- 
thyroidism. The average liasal metabolic rate in estrogen-treated cases 
was +57 per cent (Pig. 1). The average pulse rate on admission was 
114 beats per minute (Pig. 4). Of the five patients, four were females. 
Control Cases . — Seven patients with hyperthyroidism who received 


the same basic preoperative treatment, with the exception of estrogen 
therapy, and who were operated upon by the same surgeon (A. H. S.), 
have been studied and constitute a basis for the comparison shown in 
the accompanying graph. Of these patients, three had diffuse hyper- 
plastic goiters, and four had nodular goiters. The average basal meta- 
bolic rate in the control group was +41 per cent (Pig. 1) and the avm-- 
ao-e pulse rate on admission in the control cases was 102 beats per min- 


TltiG * 

Estrogenic Svhstances Used, Including the Amounts and Methods of 
Adniinistration.-The estrogenic substances used were thcelin in od 
Uministered intramuscularly, supplemented in one case liy diethyl- 
I administered by mouth. On account of uncertainty con- 
stilbestro , estrogenic substances wlien admini.stcred to pa- 

« 

(.Lowing ..n..na.T. 
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Case 1. — Doses of 2,000 estrogenic units of theelin in oil were admin- 
istered dailj' for six days preceding operation. 

Case 2. — In this case, thyroidectomy was done in two stages. Doses 
of 10,000 estrogenic units of theelin in oil were administered on the day 
preceding the first stage. Preceding the second stage, 10,000 estrogenic 
Imit doses of theelin in oil were admini-stered for three days. 

Case 3.— This patient received theelin in oil, 10,000 estrogenic nnits 
daily, for two daj's preceding operation. 

Case 4. — Theelin in oil, 10,000 estrogenic units, was administered daily 
for three days pieceding operation. 



Control castts Casas racaivinfl 

estrogenic substance 

FIs. 1. — Graphic representation oC the average basal metabolic rates on admission 
of the control ca.si'S. and of tlio.«e .selected to leceiie estrogenic substances. The liigher 
average metabolic rate in the latter group was paiallelled by signs and sjmptoms of 
greater toxicity. 



V/ithou.t estrogens WitK estrogens 


h’lg - t liart s1k,\\ mg the reOuotlon in lb»' attrage ba^al mehalioilc r.ite during 
Oa pn op, I .itl\ 1 p, In the three most t,)\ie patients in the ronlrol group, compared 
w lUi that in th, thr, e most toxic pillents ixho r, e, i\id estrogen tip rajiy. 


('\>i .1- 111 this case opei-ation was thme in Iwo stage.s. Tlieelin in 
nil, lO.tKiU fst roopnie units, wa.s atlministcred daily for two day.s pre- 
ccdino: the iii-xi staoe, Polkiuiiu: the fii-st .sta-c. 4 mtx. of dicthylstil- 
lipslrtil ntM-f pivpii liy iniiuth ilunnir Ihr first twenty-four Iioiir.s fol- 
low iim ojiiTatioii, and 1 mo, was oi\rn ihiriiio: the second twenly-four- 
lumr postoperative perioil. 'riieelin in oil, ll), 0 ()U cslrofrcnie unit.s, wa.s 
also adniinisler. <1 daily for two days preeetliiu: t he seeoiid-slnoe ojUT-itioi'n 
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RcsuKs.—Fig. 2, whicli is based on the three most toxic eases in the 
group receiving estrogen therapy, and on the three most toxic cases 
in the control group, shows the comparative reductions in the average 
basal metabolic rate during the preoperative periods in the control 
cases and the cases which were selected to receive estrogen therapy. 
The refractoriness to usual preoperative therapy in the latter group 
is clearlj' shown, and the additional lowering of basal metabolic rate 
following estrogen therapy, although not great, may be considered to 
be somewhat significant. 



Cases prepared. Cases prepared 

WLthout estrogens with estrogens 


iFie. 3. — Chart showing the average variations in blood pressures during operation 
In tiiose patients wlio received only ordinary preoperative preparation, compared with 
tlioso patients wlio also received estrogenic substances. 



A rrinh showing average pulse rates in the estrogen-treated cases compared 
niT'm me control group, on admission, in response to preoperative treatment, 
Surtag opiration, and on the first postoperative day. 

The average variations in blood pressures during operation are shotvn 
1 ically ^n Fig. 3, which demonstrates that fluctuations in both sys- 
toifle and diastolic blood pressures during operation were less in the 
estroo’en-prepared group of eases. ^ 

T'hP avera-e pulse rates in the estrogen-treated eases compared mth 
• control eroup at the lime of admission, an response to pre- 
those m the operation, and on the first postoperative 

operative treat , Although the average pulse rate in the cases 

day, isindieatea 






STORGK AND HOLCOMBE; TREATMENT OF HYPERTHYROIDISM 


707 


ivhicli received estrogen therapy remained elevated following the basic 
treatment employed in all cases, the administration of estrogen was fol- 
lowed by a fall in pulse rate to approximately the same level reached by 
the less toxic control cases. Whereas the average pnlse rate during 
operation was practically the same in both the estrogen-treated and con- 
trol groups, the average pulse rate on the first postoperative day was 
much lower in the cases ivliich received estrogens. 

In addition to the graphic demonstrations of the favorable effects ap- 
parently produced by e.strogen therapy, as shown in Pigs. 2, 3, and 4, 
other objective e\ddences of beneficial effects of estrogen therapy in- 
cluded improvement in respect to nervousness, apprehensiveness, and 
purposeless movements. Accompanying subjective improvement was 
evidenced by the greater feeling of weU-heing experienced by the 
estrogen-treated patients during the preoperative period. Purther- 
more, the postoperative courses of the patients treated with estrogens 
were remai-kably smooth. 



— *1'^?’’’*, '•'‘’"■nf: the In basal metabolic rates and pulse rates, in 

a patfont not includes In the present comparat»\o analysis, following the admlnistra- 
Uon of romtl\elv^lnrKc of estropens Continued administration of dlcth>lstil- 

hcstroi for the period sho^n in this graph was associated with 

n ri^e in ino • refractoriness to estrogen therapy mav occur. This 

p/itlcnt odine. and the subtotal thj roidectomy which was 

laltr dont was followed by an unexcntful rcco\or>. 


DISCUSSION 

Because of the uiicoitainty of the effect of estrogen tlierapy in spon- 
taneous hyperthyroidism in the human being, there was considerable 
variation in llic amount and the timing of the doses of estrogenic sub- 
.stanccs. After observing the apparent benefit and the absence of un- 
desirable reactions when small doses uerc administered, lai'ger doses 
wore subsequentiy emplo3-ed. In this small group of cases it vas impos- 
sible to establish any significant relationships between the amounts of 
estrogenic sul.staneos administered and the beneficial effects observed. 
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Further observations are presently in progress concerning the effect 
oJ diethylstilhcstrol and niononiethylstilhcsfrol given in various amounts 
and according to dificrcnt dose sehednles. Fig. 5 shoAvs tlie changes in 
basal metabolic rales and puLsc rates, in a patient not included in the 
])resent comiiai'ative analysi.s, following the administration of relatively 
large doses of estrogens. Continued administration of diethylstilbestrol 
for several days following the period .shown in this graph Avas associated 
Avith a rise in the rates, sug.gcsling that refractoriness to estrogen therapy 
may occur. This patient A\'as sulxsequenlly gh-en iodine, and the sub- 
total thyroidectomy Avliicli aa-rs later done AA'as folloAA'cd by an uneA-entfuI 
recovery. 

CONCLUSIONS 

h'rom observations in a small group of eases Avith hyperthyroidism, 
selected either because of their failure to respond to the usual preopera- 
tiA’e preparation, or because of the scA’crity of the disease, the adminis- 
tration of e.strogenie substances in con.iunction A\-ilh both single and tAA'o- 
stage thyroidectomies appears to be beneficial. 
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SKELETAL :MANIPESTATI0NS OE THYEOID DISEASE 

Milton Bodeniieimkh, M.D., and Irving S. Barcham, JLD., 
New York, N. Y. 

('From ihc Surgical Services of the HospUal for Joint Diseases) 

r\ISEASBS of the thyroid gland not infrequently have skeletal mani- 
festations of great significance. Neoplasms of thjToid origin, 
hypo- and hyperthyroidism arc commonly associated with changes in 
the osseous stiuctures, which, however, are not often vecognized clin- 
ically, except in those cases of hone metastases from carcinoma of the 
gland. A review of the literature and a description of six cases which 
we have observed have been undertaken in order to illustrate the vari- 
ous changes. 

NEOPLASJIS 


Neoplasms of the thyroid gland may arise from any of the germinal 
layers. Mesenchymal tumors are quite rare. Those arising from the 
endothelium are the most common. According to Simpson, 4 per cent 
of all goiters without exophthalmos are carcinoma. In a series of 238 
cases of carcinoma of the thyroid, Erhardt* found the followng metas- 
tatic distribution: lung, 129; bones, 66; livei', 36; kidneys, 20; pleura, 
16; and brain, 12. The order of frequency of bone involvement was; 
skull, -i'ertebrae, pelvis, sternum, and femur. 

Thyroid tissue has been found in almost every bone of the body. It 
consists of tissue which has the microscopic anatomy of normal fetal 
or adult thyroid gland, some appearing benign and others malignant. 
In either case it is easily demonstrated that the thyroid struma has 
invaded normal bone structure and replaced it by first destrojung it. 
In cases where malignancy is found, the primary focus is usually found 
in a carcinomatous thyroid gland. This type of case is easily diag- 
nosed and causes little confusion. The involved bone presents rarefied 
areas at the sites of metastases on roentgenograms. 


Case 1 (Hasp. No. 61672).— 0. F., a 34-j'ear-old wliite male, was admitted on 
Nov. 11 1936, with the chief complaint of sudden, sharp, stabbing pain in the 
anterior’ ncclt, aggravated by deep breathing and associated with dyspnea. Ho 
also complained of pain above the right eye. The total duration of the complaints 
Us four months. One year previous to this admission the patient Iiad been at 
n ther hospital from which a report indicated that ho had had a partial resection 
Pnreinoma of the thyroid because of pressure symptoms. Pulmonary metastasis 
„ apmonstrated at that time. Daring this admission roentgenograms showed 
had bee rareded areas of tho 

rrie aCg 2o veL (Fig. I). On Dec. 5, 1936, tho patient was dis- 

N SS253)- S., a 65-year-oId wliito female, entered tho 

Case 2 (Hosp. ^ 13 1936 because of weakness and a mass 

Hospital for Joint Diseases on 

-~^vea tor publication. Aug. 5, 
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in the neck which she had had for fifteen years. The thyroid was replaced by 
a very hard mass, approximately 10 cm. by 6 cm., extending under the right stemo- 
mastoid muscle and adherent to it. X-rays showed two metastatic deposits in the 
right middle lobe of the lung. Basal metabolic rate was plus 15 per cent. 

Because of pressure sjTuptoms on the trachea, the mass was removed on April 
25, 1936. The patient failed steadily after operation and died Hay 3, 1936, eight 
days after operation, from cardiovascular failure. Postmortem examination re- 
vealed an anaplastic carcinoma of the thyroid gland which had metastasized to 
the lungs, pleura, pericardium, hilar lymph nodes, and sternum. The metastasis 
to bone showed the typical replacement by destruction. 



I Patient O. F, Arrows indicate osteoporotic areas in the parietal bone. 


The bitualion become.s increasijigly complicated where thyroid tissue 
is found in bone without any evidence, clinically, of involvement of the 
thyroid gland itself. The pathology of replacement by bone destruc- 
tion is the same as presented in the preceding cases. This group of 
ease.s may be subdivided into two lyTies: (1) benign, and (2) malig- 
nant Tiie iiouign lesion is considered by some authorities to consist of 
.aberrant thyroid tissue from misplaced embryonic re.sts. The m,a]ig- 
nant group may ho further classified into; (1) malignant degenera- 
tion of aberrant thyroid tissue, and (2) metastasis from a thyroid 
gland which has at some time borne a carcinoma. 

Benign^ thyroid nco])la.sm.s in bone may be aberrant misplaco- 
nu'uts or ^benign metastascs, capable of assuming malignant poten- 
'till a heated point of controversy. Pathologic reports 
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l)y Douglas Syminers ivom two cases described by Kaplan^® demon- 
strate tlie first tlieor.y. Syinmcrs believes that aberrant thyroid tissue 
may be found in regions away from the head and neck. In the first 
case the pathologic report reads: “Thyroid tissue showing in places 
rather high alveolar epithelium . . . otherwise thyroid shows no note- 
Avorthy histological changes from the normal. There is nothing in the 
tissue to suggest malignancy. It nndoubtedl}- represents aberrLt thy- 
roid tissue such as has not infrequently been described in various parts 
of the body including tlie meninges.” In the second case Symmers re- 
ported: “Microscopic examination shows the presence of character- 
istic thyroid tissue ... in other words, the histologj" of the mass 
shows the presence of thyroid tissue which does not depart noticeably 
from that picture which perhaps might be considered normal. There 
is certainly nothing whatsoever in the tissue to indicate histologically 
any sign of malignant transformation. In other words, it seems to be 
an establislied fact that there are those growths whicli are histologically 
benign but which nevertheless are capable of malignant behavior in that 
the.v set up secondary deposits in distant structures.” Cruielcshank’ 
favors the theory of benign metastasis and we quote from his writings: 
“A normal thyroid, a colloid thyroid, a thyroid containing a small 
adenoma, a thyroid containing a malignant adenoma, each has at some 
time or the other been reported as having produced a metastasis con- 
sisting of normal thyroid tissue. The clinical fact or observation re- 
mains that tumors identical with normal thyroid tissue do occur in 
bones of patients who present no apparent abnormality of their thy- 
roid glands.” 

The most recent e.xplanation of these diverse findings lias been offered 
by I. Levin.” He concludes tliat there is either a favorable or an un- 
favorable medium for growth of cancer cells and that bone is a good 
medium. Normal thyroid tissue, however, is relatively resistant to 
o-rowth of cancer cells. It is for this reason that the paradox of thy- 
roid tumor metastasis to bone exists with no evidence of malignancy in 


the thyroid itself. Furthermore, so-ealled aberrant thyroid tissue ex- 
isting as a metastatic deposit from a thyroid neoplasm, may assume 
malignant potentialities when located in a good “culture medium” 

such as bone. , , , 

Whenever a rarefying bone lesion is found, other diagnostic possi- 
bilities in addition to thyroid neoplasms also arise. Multiple myeloma, 
endothelioma, and hyperparatliyi'oidism may produce a similar picture. 
The distinguishing differential points are to be found m llie accompany- 

'’'nlflther characteristic sometimes found in thyroid deposits in bone 
, 1 . Unvne in mind. Several cases of pulsating tumors over bony 

should b renorted in the literature with thyroid neoplasm as 

regions have ^ preoperative diagnosis in these cases is e.v- 

»ul. since to lesion n.orc l.-e,„cn.l.v ccscn.Mcs nn .ncn,,™. 
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an angioma, a meningocele, a hematoma, or some other highly vascular 
tumor.^ In 1930 '\Vilk'ens='> reported a patient who he first thought 
had an arteriovenous aneinysm. Frozen section at the time of the opera- 
tion showed tissue not unlike fetal adenoma of the thyroid. Cruick- 
shank" in 1938 presented another case of pulsating tumor due to th}^- 
loid metastasis to bone. The preoperative diagnosis was meningocele. 
The postoperative diagnosis was gumma or sarcoma. Pathologic exam- 
ination was necessary in order to make a final diagnosis. 

The differential diagnosis of pulsating tumors revolves about two 
important points; (1) a decision must be made as to whether tlie lesion 
is benign or malignant, and (2) the absence of a thyroid lesion or a 
long interval of many years between an excised thyroid gland neoplasm 
and a pulshting tumor of bone may be misleading. 

Anemysms or angiomata show slow clinical progress. The progres- 
sion of symptoms in malignant, pulsating, metastatic thyroid lesions 
of bone is rather rapid. In the latter, roentgenographic evidence of 
bone destruction and the rapid development of neurologic signs are 
much more common. The diagnosis is finally eonfirmed by exploration 
and histologic examination. 

It has also been said® tliat 50 per cent of thyroid metastatic bone 
malignancies have symptoms of hyperthyroidism. Eemoval of the pri- 
mary lesion rarely produces changes in the sj^mptoms but removal of 
the secondary growth might give rise to myxedema. 

Our third case report is very interesting since it combines a num- 
ber of illustrations of the featiu-es alread}’- brought forth. It demon- 
strates the long interval between primary and secondary lesion; it is 
illustrative of the controversial arguments as to the origin of the sec- 
ondary lesion; it demonstrates pulsating tumors of thyroid metastatic 
origin with differential features of diagnosis ; it shows hyperthyroidism 
as a result of thyroid metastatic deposit in bone, since removal of the 
secondary lesion gave marked relief from tliyrotoxic symptomatology. 


Case 3 (Hosp. No. 79401).— B. B., a 45-7ear-old white male, was admitted to the 
Hospital for Joint Diseases on three different occasions. His first admission, in 
1938^ was for pain in the right shoulder, wliich was diagnosed as arthritis and 
rented by immobilization. In 3939 he was admitted for symptoms of hyperthy 
n'dism notably tremor, weakness, and loss of weight. At that time he stated that 
hP had had a thyroidectomy in 1923 at a Cleveland hospital because of "over 
f ' iter ” Tho left lobe of the thyroid was apparently enlarged and basal 
ictive go . medical treatment for hyper- 

ttjoidism'and discLrged, four weeks later, improved and with basal metabolic 

rate P*"® “ returned to the hospital complaining of severe pain in tho 

In Octoher, i > lower e.xtremities. Onset was sudden, one week pre- 
lower back radiating intensity of pain was rapid. His symptoms of 

viously, and progression ecurred and become marked. The striking feature of the 
hr-perthyroidism had a so presence of a mass in tho region of the spinous 

physical examination was P - 
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processes of the eleventh and twelfth dorsal vertebrae (Kg. 2). The tumor 
measured about 4 cm. in diameter and pulsated synchronously with each cardiac 
systole. Sadiographs showed an absence of the spinous process of the eleventh 
dorsal vertebra (Fig. 3) and of the descending articular process of the twelfth 
dorsal vertebra (Fig. 4). Other x-rays of the spine, after injection of opaque 
fluid, demonstrated a midline tumor which was highly vascular and encroached 
on the spinal canal. 



Fig. 2 — Patient B. B. Photograph o£ patient show mg the location of the pulsating 

tumor. 



Two hiv’il metabolic 
fii»ting bloml >u[p,r 
till' •■rnim n!iro.fil,oriis S.: 


rates were plus 27 per cent and plus -10 per cent. The 
33 mg. per <pnt. the f-erum ca!--ium lO.G mg. per cent, 
mg. per rent. The ‘-enim plio-phata-c was ohnated to 
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an angioma, a meningocele, a hematoma, or some other highly vascular 
tumor.^ In 1930 Wilkens^'' reported a patient who he first thought 
had an arteriovenous aneurysm. Frozen section at the time of the opera- 
tion showed tissue not unlike fetal adenoma of the thyi-oid. Cruick- 
sliank' in 1938 presented another ease of pulsating tumor due to thy- 
roid metastasis to hone. The preoperative diagnosis was meningocele. 
The postoperative diagnosis was gumma or sarcoma. Pathologic e.xam- 
ination was necessary in order to make a final diagnosis. 

The differential diagnosis of pulsating tumors revolves about two 
important points: (1) a decision must be made as to whether the lesion 
is benign or malignant, and (2) the absence of a tlijmoid lesion or a 
long interval of many years between an excised thyroid gland neoplasm 
and a pulshting tumor of bone may be misleading. 

Aneurysms or angiomata show slow clinical progress. The progres- 
sion of symptoms in malignant, pulsating, metastatic thyroid lesions 
of bone is rather rapid. In the latter, roentgenographic evidence of 
bone destruction and the rapid development of neurologic signs are 
much more common. The diagnosis is finally confirmed by exploration 
and histologic examination. 


It has also been said® that 50 per cent of thyroid metastatic bone 
malignancies have symptoms of hyperthyroidism. Eemoval of the pri- 
mary lesion rarely produces changes in the symptoms but removal of 
the secondary growth might give rise to myxedema. 

Our third ease report is very interesting since it combines a num- 
ber of illustrations of the features already brought forth. It demon- 
stz’ates the long interval between primary and secondary lesion; it is 
illustrative of the controversial arguments as to the origin of the sec- 
ondary lesion ; it demonstrates pulsating tumors of thyroid metastatic 
origin with differential features of diagnosis; it sliows hyperthyroidism 
as a result of thyroid metastatic deposit in bone, since removal of the 
secondary lesion gave marked relief from tliyrotoxic symptomatology. 


C\SE 3 (Hosp. No. 79401).— B. B., a 45-year-old white male, was admitted to the 
^oseital for Joint Diseases on three different occasions. His first admission, in 
iqqs was for pain in the right shoulder, which was diagnosed as arthritis and 
reated by immobilization. In 1939 he was admitted for symptoms of hyperthy- 
' -a- /ntahlv tremor weakness, and loss of weight. At that time he stated that 
f a\??thrrdeetomy in 1923 at a Cleveland hospital because of “over 
le had h. ^ thyroid was apparently enlarged and basal 

ictive goi ■ jjg given medical treatment for hj'per- 

* ^ ydism'^and'^techarged, four weeks later, improved and with basal metabolic 

rate plus 10 returned to the hospital complaining of severe pain in the 

In October, 19 , extremities. Onset was sudden, one week pre- 
lower back radiating o intensity of pain was rapid. His symptoms of 

viously, azia progression o 

hyperthyroidism had a so ^ 

physical examination was P 



FIs:, .j. — Patlewt B. B. Low power rnicrophotograph of the tumor. This shows the 
papuliferous iiatuie of the adenocaicinoma with the temlencj- toward formation of 
thyiold acini. 



1 U I. -1 .Ithnt n. I!. IllKh pow.-r nviKnincation showlnR Inva.slon of connective 

by carclnomri roU*^. 
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0.9 Bodiinsky unit.s. Tlic urinary Bonce-Joncs reaction u'as negative. The pro- 
visional preopei'ativc diagnosis nas an aneurysm. 

Ono observer palpated a firm hard nodule in the left sternomastoid muscle. Be 
was of the opinion that this might be the primal y site of the neoplasm producing 
a metastasis to the back. Other diagnoses were osteolytic saicoma and hemangioma. 


I/D 


• 


I2D- 

" 

. 1i 




. , ♦font R B Dateial loentgcnogiam showinB the absence of the ilescenctinB 

Fig. 4.— Patient B. f^eet ot the twelfth rtorsal veitebra. 


Nor 9 lOiO an e.vploiatoiy opciatioii was perfoimed. A ciiciilar tumor 

hnn't 35 m’in diameter was found deep in the fascia. It completely ile.sfroyed 
about 3.5 c vertebia. The entiie tumor together 

the spin P twelfth dorsal and the first liimbai veitebrac wcie icmovcd. 

It was then s determined, they .seemed to be tiansmitted to the tumor 

but so far as c exact nature of the tumor could not be determined 

from the deeper struc ur ^^^^ remained in doubt until the lii.stologic 

at that time. The la abowed numerous areas of thjroid tissue with 

examination was ® ® ’ j^denocarcinoma (Figs. 5 and 0). This diagnosis was 

replacement by papdb g,_ yincenfs Charity Hosintal of Cleie- 

substantiated by a later i P thyroidectomy in lOh’:! a malignant 

land, which indicated that a 
adenoma had been found. 
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skeletal ekange is verj* difficult. Nevertheless, skeletal disease unae- 
counted for except by the presence of hypothj’Toidism may be deemed 
to be a resultant of a combination of forces in a generalized disordered 
metabolic process. The pathologj' consists of a lack of replacement of 
resorbed bone by osteoid tissue and its ossification, just as cells of any 
soft tissue replace those "which die. The folloAving report presents a 
patient with severe skeletal changes in "ivhom an exhaustive investiga- 
tion revealed only a hypothyroid state. This patient did not respond 
to orthopedic management alone, but a period of thjToid management 
produced a satisfactory response. 

'"I 



I Inc?* roll, nJ,. ^1 of the tlor* il ••iilni' In the mteropo'tcrior 

'crtebr^ie" compre ,lon of the bodlei of the ilxth lOMntli. ind cichth dorsnl 


C^sr 1 iHo.}. No p, m Jotr^ t. n.im.tlcl on .o 

I'lls, \\ith n file nook hi'-ton of {mn ,n the isnek, ‘'cni-hintt nml to-irin"” tn 
chnnicter The -iCT.fiennt finilmg on phjM.nl ctnminntmn tvn. the pn. 
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The mass noted in the sternomastoid muscle was removed but showed no thyroid 
tumor nor evidence of adenocarcinoma. The patient’s furtlier course was unevent- 
ful and tlie liypertlijToid' sj-mptoms lessened. "Wlien last seen in October, 1940, 
there was no recurrence. 


HYPOTHYROIDISM 

Skeletal changes of hypothyroidism are of three main varieties: (1) 
deficient grovTli in the young due to absence of, or retardation in, cen- 
ters of ossification; (2) retardation of osteoid tissue replacement and 
ossification in adults; and (3) abnormal changes in the epiphyseal 
plate and epiphyses (juvenile chondi-oepiphysitis). The first group is 
not being considered in tliis review. 



- M D. Photograph showing the curve ot tl,o back with glbbus for- 

Fig. 7. — Patient raation. 


Ti bus been commonly believed that when hypothyroid clianges have 
Hnn in adult life no skeletal changes result. This is true in 
their meep ^ However, hypothyroidism is manifested by 

a large ma]or 5 disorder in which all of the endocrines play 

a generalized metau such hypothyroidism to any 

an important part. 
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skeletal change is verj" difficult. Nevertheless, skeletal disease imae- 
counted for except by the presence of hjTiothjToidisin mar be deemed 
to be a resultant of a combination, of forces in a generalized disordered 
metabolic process. The pathologj’- consists of a lack of replacement of 
resorbed bone by osteoid tissue and its ossification, just as cells of any 
soft tissue replace those ■which die. The following report presents a 
patient with severe skeletal changes in whom an exiiausthe investiga- 
tion revealed only a hj'pothyroid state. This patient did not respond 
to orthopedic management alone, but a period of thyroid management 
produced a satisfaetorj- response. 



C^sr -1 Xo. V, aged 

j'.-s, ,v.(h a fU 0 .- 04 . luUMrr of the 

ehinrtar. The -rfm.ScaBt finding on pi«=,enl 


16 jear=. nac ndmittod on Dee. 
haeh, '‘cni'iang and tearing'’ jn 
cxnmimtion iris the pnlien! ’i no'' 
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turc, ^Y^licll was notable for tlio sweeping: flexion cm ve along- the entire spine, with 
the greatest curvature in tlic florsal region and gradual gibbus formation at about 
the level of the ninth and tenth dorsal vertebrae (Fig-, T). Pain was pronounced 
on cither flexion or extension of the spine. Badiographs revealed marhed compres- 
sion of the bodies of the sixth, seventh, and eighth dorsal vertebrae with widening of 
the intervertebral spaces (Figs. S and 0). Most significant was the absence of evi- 
dence of a destructive process. The sicuH plate presented a moderate degree of 
osteoporosis. X-ray interpretation was tliat of a disorderetl metabolic process. 



yiB. O.-Boentecnogram of tlm same PorUo" of the si.inc as in Fig 9. but in laical 


Bence-Jones reaction of the urine was negative; basai metaboiic rates uerc minus 
® r nna minus 21 por cent. Kahn reaction uas negative. fJic blood 

19 per cen . elevated at 210 mfl- pai- cent. The serum calcium ua.s 9.0 

cholesterol wa g phoapliorus 3.3 mg. per cent. The scrum phosphatase was 

The patient improved with orthopedic 


mcr Tier cent and. the r . 

^ , t 1 ..r s <! Bodansky units. 

slightly elevated . administration of wliole thyroid substance. He 


management of the back and the 
was last seen in Sept., 19 > 


he was permitted to discard Ids brace. 
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That group of hypothyroid cases in wliicii epiphyseal manifestations 
are noted mainly at the Mp joints is very important because of the 
difficulty in differentiation from Legg-Calve-Pcrthes disease. 

Lawen in 190S> made the first clinical report of Legg-Calve-Perthes 
disease in a cretin. Since 1920, Avhen Engclbach designated the X-ray 
as a diagnostic factor in hypothyroidism, more cases of juvenile 
chondroepiphysitis or hypothyroid stippled epiphyses have appeared 
in the literature. That hypothyroidism bore a significant pathogenic 
relationship to stippled epiphy.scs was ably attested by the studies of 
Schaefer, Slrickroot, and PurcclP' in 1939. Two hundred fifty -eight 
endocrinopathic chiklreu from S to 15 years of age and ninety-nine 



(Ik KI -I’.itCiU .V S ItofmcnoKiurn of Uw i>oUW -ImwlnK hlUt.rvI opliili- 

Wis 


normal chihlrfii in tin* same age uroup ucro subh'rt'' In the former 
groni). oMiIence ol ehondroepiphy.senl ibsturbanee na.'> demonstrated in 
■hi i per cent of the ])atients. Among these, all but six cases were def- 
mitci> a.ssociatcd with hypothyroifliMn, and only tw<» eases were symp- 
tomatic In tile control gronji onlj 7 per cent showed chondroepiph- 
\ sit IS I-oliow-mi has shown eight eases among the cndocrinojiatliic 
gtonp with a return to normal bone detail after thyroid treatment. 



722 


SUJIGEBV 


Tlie pathologic chaiiges^“ underlying this disease are of the greatest 
import if one is to understand fully the differentiating features from 
Ij^^SS'Clulve-Perthes disease. Two important changes are to be noted, 
one at the epiphyseal plate and the other in the epiphysis itself. In 
the formei' a layer of bone is formed consisting of bony trabeculae 
lying transverse to the long axis of bone. This layer was found by 
Langhans to be detectable not onlj’’ histologieally but also ' roentgeiio- 
graphically since it had sufficient density.^® In the epiphysis there exists 



Il.—Photosraph of patient N. S. 

the earliest gro^Ytlv period a number of centers of bone growth or 
never coalesce and which arc separated l)y an irrcgii- 
ossification structure. This is in direct con- 

lar Qj^tYC-Perthes cpiph3-sis which prior to its diseased 

trast to the nn . .^^ith a single center of ossification from 

state consisted o ■ , outwnrdlj-. IVlien seen in tlic 

which normal bone gr 
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later stages of both endocrine juvenile chondroepiphysitis and Legg- 
Calve-Perthes disease, both epiphyses appear the same, since in the 
former necrosis has supervened on the abnormal cartilaginous structure, 
while in the latter multiple areas of aseptic necrosis are the feature of 
the pathology. In Legg-Calve-Perthes disease the changes at the epi- 
physeal plate are not to be found. 

With the above pathologic features well understood it is easier to 
consider the differential diagnosis. Hip involvement in hj'pothjToid 
stippled epiphysis is usually bilateral but unilateral in Legg-Calve- 
Perthes disease. The presence of roentgenographie abnormalities in 
bones other than those about the hip, such as the knee and anlde, stamp 



1 Ir 12 I’nllinl N S Ho^iitponocram of t)io Khpiq with arrows Jndicitlni? ■'Upra- 
comljWr dlf oporoUc 

liio disease os endoeriHc in iialurc No m idenee of a destructive process 
IS found in bypoliijioid stippled epiphysis as is the etisc uith Lc<:!i- 
f'ah .’-Perthes dise.ase. althouch this fealiue is very often difTicult to 
distinsimsh. Hesi>onse to thyroid ther.ii>y is found usually in the 
endoenne group, uhoreas m J.eKK.t’ahe-Pi.ilhes disease tlieio is no such 
res])onse The following ease report is one whieh illustrates- the above 
feutnrc.s in great detail. 
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2= «>e epiphyseal plate apd the other in the epiphysis itself In 

lying tiansveise to the long axis of bone. This layer was fniintl w 
Langhans to be deteetable not only histologieaUy bnt also'roertlo. 
giaplncally since it had snffloient density.- In the epiphysis there exists 



Fis- 11- — ^Pliotoffraph of patient N. S. 


from the earliest growth period a number of centers of bone growth or 
ossification which never coalesce and which arc separated by an irregu- 
lar abnormal type of cartilaginous structure. Tiiis is in direct con- 
trast to the Legg-Calve-Perthes epipiiysis wJiich prior to its diseased 
state consisted oTan epiphysis with a single center of ossification from 
winch normal bone gi’owth advanced outwardly. When scon in tl.e 
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In 1938 Bartels and Haggart- of tlie Laliey clinic reported two cases 
with compression fractures of the vertebrae, in both of whom, clinical 
improvement was obtained after surgical treatment of the hyperthy- 
roidism. 

The shcletal manifestation of the disease is that of osteoporosis and 
any of its attending complications. The osteoporosis is generalized but 
appears earliest in the .small flat bones and the spine and in the long 
bones latest. In 1929 Aub and his co-workers^ demonstrated that the 
loss of calcium from bone was associated with a negative calcium meta- 
bolic balance. It has been shown^ that whereas normal pei-sons excrete 
12.7 Gm. of calcium per kilogram of body weight over a three-day 



I'Ik H Patli nt N' S. Roi’iitKPiioKrnm fiflpin month's aft(_r incoptlon ot treatment. 
Alarkcu Inipro\em<?nt to bo iiotod In tplphj‘'**s 


test period, iiatienl', with thyrotoxicosis eliminate 42 dm. per kiloirrani 
ot l)od\ weight M illi the increase of calcium excretion pliosphorns 
also shows a negative lialance. M hen thvrotoxie jintients manife.sting 
ealeiuiii h> perexcretioii were fetl ioiline, the caleiiim excretion returned 
to normal. 1 lie sonun ealeium and phosphorus remain normal. In- 
crease in the serum phosphatase values wn.s tleinonst rated by Hunter' 
hut these values weie only inoderately high. 

1 he negative ealeium lialance lia.s no relalioiishi]) tt> nii're.ise in basal 
metaliniie rale, sinee eomparahle increases in nietaholism oconr in liigli 
fever.s anil lencemm without the eoucomuaiil excretion of large amouiit.s 
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Case 5 (Hosp. No. S2T3S). — N. S., a white male, aged 14 years, ^as admitted 
to tlie Hospital for Joint Disea&s on Oct. 17, 1939, because of a loft sided limp 
nhich had been present for 2Vi years. X-rays revealed bilateial stippled epiphysis 
(Fig. 10) and the diagnosis of Legg Calve-Pertlies disease was made. Honeier, 
further study cast doubt on the diagnosis. A photograph of the patient resembled 
an individual of tlic hj pothyroid-pituitary tjpe (Fig. 11). Roentgenographs shoved 
transverse supracondylar osteopoiotic bands at the knee and ankle joints (Fig. 
12). Other radiographic findings weie slight thinning of the frontal bones, some- 
what ludiinentary and undeveloped .sella tuicica, and slight diminution in the 
veitica! development of tlie long bones with increase in the widths of the shafts 
of the luinieii. 



Fig. 13.— Patient N. 


S Roentgenogram nine months after the Inception of treatment. 
Slight impiovement in epiphytes to be noted 


The basal metabolic rate nas minus 2 per cent. Treatment nas instituted. Both 
• ^ immobilized and thyroid substitution therapy begun. In five months 

hips vere tventv pounds. HniKed improiement of the epiphyses 

the patient had lost ,„entgenograms taken in .Tidy, 1940 (Fig. Mb and 

Jon SnSg The' patient is still under tieatment. 

HYFKItTHYROinibJI 

+nVlii<r nlace in the osseous sy.stem as a result of byper- 
The changes ^ ' '^ajfferent type f«'oni lltose discussed above. The 
thjT-'oidism are o < ,t„enograpIncaily wtis by Kuininer in 1917. 
first case recognized loent^ei . 
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grossed in spite of thyroidectomy. Cleans and co-workers^^ presented 
a patient with improvement of kyphosis and flaring of the ribs follow- 
ing thjT:oideetomy. Our patient disclosed roentgenographic improve- 
ment eight months following snrger\'. 

The following ease report illustrates the above facts. Calcium excre- 
tion determinations were not obtainable. 

Case (J Xo. 79405). — J. 1., a male negro 12 years of age, was admitted 

to the I’ediatrie fServieo Oct. 9, 19.49, and later transferred to the .Surgical sendee. 
For four years the patient had noticed an increased ‘‘popping” of hi.s eye.=. Xcrvou«- 
ncss, polyphagia, exccs«i\e per.'-piralion, and lo<s of ten pounds in weight were 
noted during the year jirior to this admission. The thyroid gland was symmetrically 
enlarged and .soft; a bruit was heard on auscultation. Tiro skin wa« warm and 
moist. Eye signs were: marked exophthalmos, lid lag, and widened palpebral fissures. 
There was a fine tremor of the tongue and hands. Tire pulse wars forceful and 
Us rate ranged in the vicinity of 149. The U\er was moderately enlarged. 



lie to. I’.ttli nl .t I I’.'I, ritccixiKnim of Ix-tli ti iiKl- M-irKcl ii-t< nimre^Is of tin- 
iMj in;:» - mtU firr»u- to t>o loU, U 


lta^;«l mclatml.c rate Wav ,,l„v g., ,„.r xenl. The verun, . :,ie„im and phovpi,oniv 
were within iiiiriiial liimtv, I„.ine m p,.f ^eni and .'i..', nig per cent re-pe, tnely. 
lioth (lie eholevierol and eholev’erol evterv were diliiinivhiMl. 1 ir, nig. per rent and 

lo. mg jK'r rent re-5M.,-ti\,.(j, 'pp,, plnispimlavi. v.av iiimleniteh ebwated 

•it Oil unit**. 

.\ raj . taiiiiii-itinnv ,.f tlie vKelelcin riwialeil mo,!, Tale atrop!i\ nr d.val.-ifu-ntio'i 
of the (Miles of Knee j„„., , ^ _ 

* itf tin* vV.uli l<»» ritiil thr u'-vioii" ‘■truf'lurc'* of tlii* 


726 


SURGERY 


of calciimi. Tlie calcium excretion was sJioini^ toJie dependent upon 
lice principal iactors: (1) the duration of the disease, (2) the rate 
of calcium loss, and (3) tlie daily calcium intake. As to the etiology 
oi tlie disease, it is the general consensus of opinion that the thyroid 
secretions play some part directly on the calcium deposits of hone 
Moehlig and Adler^^ proposed the theory of an alteration in glycogen 
metabolism secondary to changes in the pituitary gland. 




Fis. 15.— patient J. I. Roentgenogiam of the knee joints, marked osteopoiosi'? to 

be noted. 


It is interesting to note that in mo.st of the cases reported, tlie disoa.so 
was of five or more years’ duration. In the two eases reported by Bartels 
and Ilaggart- tlie total duration was nine j’oars in one case and .seven- 
teen years in the other ease before bone changes ivere noted clinically. 
In the case herein presented there was a five-year history. It is there- 
fore not siirpi'isiog lhat in cases of hypcrtliyroidisni of less than five 
rears’ duration no evidence of osteoporosis is dcnionstrahle. 

Little is reported on the results of .surgical therapy in regaid to the 
1 1 tal chaimes. In tlie fir.st case of Bartels and IIaggart= no bone 
^ m tioirwas found one year after operation. In a ease reported 
recalcinca n decalcification of vertebrae and pelvis ])ro- 

by Moehhg and ^vaiei, 
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shoulder joint. It is interesting to note that in this patient the areas of decreased 
calcification ■were most marked where the hone had been formed most recently, 
namely at the epiphyseal areas. 

The patient was prepared with iodine therapy, during which time he gained 
ten pounds. A two-stage subtotal thyroidectomy was performed, with an eighteen- 
day interval between the stages. Pathology demonstrated hyperplastic thyroid 
with colloid involution. The postoperative course was uneventful and the patient 
made a good recovery. To date, follow-up in the outpatient department has shown 
no recurrence. The basal metabolic rate fifteen months following operation was 
plus 2 per cent. X-rays of the bones of the hands and the knees show a moderate 
degree of recalcification (Figs. IS and 19). 


Fig. 17.— Patient J. I. 


Kocntgenogram of the skull, fairly marked deKrcc of o.steo- 
porosis. 



Another case, a female past the age of 50 years, was observed by 
of us (M. B-)- She sustained a fracture of the upper third of tlie 
° ’ IS Tlie only history of trauma was a slight pull of the muscles. 
rT^^^oted however, that the patient had an exophtlialmos which she 
! T d bad been present for about twenty years. There was no neck 
statca j to the fracture, radiographs disclosed osteoporosis 

tumor, in a segments of the spine. This was 

of the long bones, nf “burned out’’ hyjiertliyroidism with osleo- 

considered to be a case 

porosis. 
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SUMJIAEY AND CONCLUSIONS 

From the discussions above it can be realized that not infrequently 
a hone lesion is diagnosed without the relationship of thyroid disease 
having been recognized. Pulsating tumors may be diagnosed as aneu- 
rysm, liemangioma, meningocele, or some other liighly vascular tumor. 
The lesions are sometimes found on histologic examination to be second- 
ary metastatic thyroid deposits occurring many years after the dis- 
coveiy of the primary lesion oi* even in the absence of any evidence of 
a primary lesion. Then again, the question of thyroid deposits in bone 
ever having been a metastasis or an aberrancy is still open. Bony 
lesions of thyroid origin also have simulated hyperparathyroid lesions, 
endothelioma, or multiple m5mloma. Closer study reveals a dilferentia- 
tion. 

Of all the skeletal manifestations of hypotliyroidism perhaps the one 
most often unrecognized is stippled epiphyses of hypothyroidism. The 
characteristic pathologic changes of deficiency in centers of ossification, 
with irregularity^ of bone growth in addition to other eharaeteristic 
changes at the epiphyseal plate, serve to differentiate this condition 
from Legg-Calve-Perthes disease. 

The osteoporotic changes of hyperthy^roidism due to negative calcium 
balance are of great importance. Spontaneous fractures or fractures 
with little exciting cause have been reported in decalcified bones of a 
long-standing hyperthyroidism. 

With thorough knowledge and understanding of the bone lesions 
described, treatment may be attempted on a more rational basis. Nee- 
dling of so-called aneiuTsms of the spine will be attempted less^often 
when one realizes that these lesions are often due to a thyToid metasta- 
sis. Thyn-oid substitution therapy in cases of stippled epiphyses is a 
great aid when definite evidence of liy'pothyu’oidism is establislied. 
Osteoporosis due to hyperthyroidism is sometimes benefited by thy- 
roid ectomyL 
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SUMMARY AND CONCLUSIONS 

From the discussions above it can be realized that not infrequently 
a bone lesion is diagnosed without the relationship of thyroid disease 
having been recognized. Pulsating tumors may be diagnosed as aneu- 
rysm, hemangioma, meningocele, or some other highly vascular tumor. 
The lesions are sometimes found on histologic examination to be second- 
ary metastatic thyroid deposits occurring many years after the dis- 
covery of the primary lesion or even in the absence of any evidence of 
a primary lesion. Then again, the question of thyroid deposits in bone 
ever having been a metastasis or an aberrancy is still open. Bony 
lesions of thyroid origin also have simulated hyperparatlywoid lesions, 
endothelioma, or multiple myeloma. Closer study reveals a differentia- 
tion. 

Of all the skeletal manifestations of hj'pothyroidism perliaps the one 
most often unrecognized is stippled epiphyses of hypothyroidism. The 
characteristic pathologic changes of deficiency in centers of ossification, 
with irregularity of bone growth in addition to other characteristic 
changes at the epiphj'seal plate, serve to differentiate this condition 
from Legg-Calve-Perthes disease. 

The osteoporotic changes of hyperthyroidism due to negative calcium 
balance are of great importance. Spontaneous fractures or fractures 
with little exciting cause have been reported in decalcified bones of a 
long-standing hyperthyroidism. 

With thorough knowledge and understanding of the bone lesions 
described, treatment may be attempted on a more rational basis. Nee- 
dling of so-called aneurysms of the spine will be attempted less, of ten 
when one realizes that these lesions are often diie to a thyroid metasta- 
sis. Thyroid substitution therapy in cases of stippled epiphyses is a 
great aid when definite evidence of hypothyroidism is established. 
Osteoporosis due to hyperthyroidism is sometimes benefited by thy- 
roidectomy. 
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witli four volumes of absolute alcohol and the resulting precipitate was 
taken up in minimum amounts of either. Cerebroside impurities were 
removed by chilling and centrifugation. The ether solution was re- 
precipitated with four A'olumes of absolute alcohol and the precipitate 
filtered, washed with alcohol and acetone, and desiccated. The stock 
solution was prepared by dissolving 100 mg. of sheep brain cephalin 
and 300 mg. of cholesterol in 8 e.e. of ether. The testing emulsion was 
prepared by adding 1 c.c. stock ether solution to 35 c.c. freshly distilled 
water, warmed to 65® 0. and then heated slowly to boiling. The mix- 
ture was allowed to simmer until the final volume was reduced to 30 
e.e., a process ivhich disperses all coarse granular clumps and removes 
all traces of ether. The emulsion was then cooled to room temperature 
and 1 c.c. of the emulsion added to 0.2 e.e. of the patient’s serum di- 
luted with 4 c.c, of physiologic saline solution. The test tubes %vere 
allowed to stand at room temperature and were observed at the end 
of twentj’-four and forty-eight hours as to the amount of flocculation 
and precipitation that had taken place. 

A four-plus flocculation is indicated by complete precipitation, leav- 
ing the supernatant liquid water clear. Gradations of reaction be- 
tween four-plus and negative may be found. As a general rule the 
reaction occurred within a few hours, with sera showing three-plus or 
four-plus flocculations, whereas one-plus and two-plus reactions might 
be obsen^ed at the end of twenty-four to forty-eight hours. No speci- 
men was regarded as negative until forty-eight hours had elapsed 
without flocculation. The importance of avoiding such contaminants 
as anticoagulants, heavy metals, and strong acids has been emphasized 
by Hanger.^ 

In our first trials with the cephalin flocculation test we desired to 
control our method of preparation by testing with normal sera which 
should have shown negative reactions. However, we soon found that 
varying degrees of flocculation could be obtained, even four-plus reac- 
tions, in a most unpredictable manner. Communication with Dr. Hanger 
resulted in our receiving a preparation of cephalin which he had used 
in his observations. This preparation was darker in color and more 
gummy than those we had used, and gave reactions with normal sera 
which were entirely negative. The differences in flocculation are appar- 
ently dependant upon differences in “aging” and oxidation of the 
cephalin. Accordingly, in all subsequent observations we used Dr. 
Hanger’s prepai’ation and a preparation obtained from the Difeo Com- 
pany,® which we assajmd and found to have approximately the same 
sensitivity. It was immediately apparent, however, that preparations 
of cephalin might vary in sensitivity depending upon slight variations 
in the preparation procedure and the “age” of the preparation. Rosen- 
herg- l ias recently observed differences in the reaction obtained with 

Mlch^ mr ‘a’son4o\'},"\,pAy'iifYeph^^^^^ '^'’oratories or Detroit, 



THE CEPHALIN-CHOLESTEEOL FLOCCULATION TEST IN 
THE JAUNDICED PATIENT 

Samuel B. Nadler, Ph.D., M.D., and JI. F. Butler, lil.S., 

New Orleans, La. 

CFrom the Joseph Sume 'Research Laboratory, Touro Infirmary, the Department of 
Medieine, Tnlane University Sehool of Medicine, and the Ochsner Clinic) 

T he importance of a determination which might differentiate between 
obstructive jaundice and jaundice caused by destructive processes 
in the liver has been emphasized by Hanger d “Patients with grave 
hepatitis are often subjected to the added hazard of an anesthetic and 
laparotomy to rule out possible biliary tract obstruction, while con- 
versety, operation may be delayed perilously long in cases of obstruc- 
tion in the hope that the jaundice Avill subside spontaneously.’’ The 
differentiation clinically between tliese two types of jaundice is “fre- 
quently impossible despite careful history taking and physical exami- 
nation, and the employment of many types of diagnostic procedure.’’ 

Hanger has recently demonstrated'’ -• •* that emulsions of sheep brain 
eephalin and cholesterol are regularly flocculated by sera of jaundiced 
patients with hepatocellular damage. Since such flocculation was not 
obtained with sera of normal individuals and patients with uncompli- 
cated obstruction of the biliai-y tract, this simple test should prove of 
importance in the differential diagnosis of jaundice. Pohlo and Stewart” 
attempted to evaluate the eephalin flocculation test in the light of 
various liver function tests, and were unable to confirm all of Hanger’s 
findings. Most significantly, they found that nearly SO per cent of 
cases of obstructive jaundice gave positive flocculation tests. Their 
data indicate that the eephalin flocculation test is of little or no value 
in the differential diagnosis of the two types of jaundice. Certain fads 
concerning the eephalin flocculation test, however, are agreed upon ; viz., 
that (1) the test is negative in normal individuals, (2) it is only rarely 
if ever positiA^e in patients Avithout hepatic disease, (3) it is a more- 
sensitive indicator of active liver parenchymatous disturbance than 
anv of the so-called liver function tests, and (4) it provides the best 
vailable indicator as to prognosis in hepatic disease, especially in 
Q • 4 rpjjc purpose of this paper is to report our findings in jaun- 
natients for the sole intent of evaluating the eephalin floceula- 
don determination as a method of differentiatijig hepatocellular and 

obstructive jaundice. 

methods and materials 

• cenhalin Avas obtained by dehydration of sheep brain 
Sheep biain acetone and three extractions Avitli peroxide- 

M-ith three g^trated ether extracts Avere then precipitated 

free ether. I he c 

— ^ived for publication. Oct. 4. 1 
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with four volumes of absolute alcohol and the resulting precipitate ivas 
taken up in minimum amounts of either. Cerebroside impurities were 
removed by chilling and centrifugation. The ether solution was re- 
precipitated with four volumes of absolute alcohol and the precipitate 
filtered, washed with alcohol and acetone, and desiccated. The stock 
solution was prepared by dissolving 100 mg. of sheep brain cephalin 
and 300 mg. of cholesterol in 8 c.e. of ether. The testing emulsion was 
prepared by adding 1 c.c. stock ether solution to 35 c.c. freshly distilled 
water, warmed to 65° C. and then heated slowly to boiling. The mix- 
ture Avas alloAved to simmer until the final volume was reduced to 30 
C.C., a process which disperses all coarse granular clumps and removes 
all traces of ether. The emulsion ivas then cooled to room temperature 
and 1 c.c. of the emulsion added to 0.2 c.e. of the patient’s seriun di- 
luted Avith 4 c.c. of physiologic saline solution. The test tubes Avere 
alloAved to stand at room temperature and Avere observed at the end 
of tAventy-four and forty-eight hours as to the amount of flocculation 
and precipitation that had taken place. 

A four-plus flocculation is indicated by complete precipitation, leav- 
ing the supernatant liquid Avater clear. Gradations of reaction be- 
tAveen four-plus and negative may be found. As a general rule the 
reaction occurred Avithin a fcAv hours, Avith sera shoAving three-plus or 
four-plus flocculations, AA^hereas one-plus and tAVo-plus reactions might 
be obsen'ed at the end of tAventy-four to forty-eight hours. No speci- 
men Avas regarded as negative until forty-eight hours had elapsed 
Avithout flocculation. The importance of avoiding such contaminants 
as anticoagulants, hcaA^y metals, and strong acids has been emphasized 
by Hanger.^ 

In our first trials Avith the cephalin flocculation test Ave desired to 
control our method of preparation by testing Avith normal sera Avhich 
should have shoAvu negative reactions. HoAveAmr, Ave soon found that 
A'arying degrees of flocculation could be obtained, even four-plus reac- 
tions, in a most unpredictable manner. Communication AAuth Dr. Hanger 
resulted in our receiving a preparation of cephalin which he had used 
in his observations. This preparation was darker in color and more 
gummy than those aa'g had used, and gaAm reactions AA-ith nonnal sera 
which AA'ere entirely negative. The differences in flocculation are appar- 
ently dependant upon differences in “aging” and oxidation of the 
cephalin. Accordingly, in all subsequent observations Ave used Di". 
Hanger s preparation and a preparation obtained from the Difeo Com- 
pany, which Ave assayed and found to haA’e approximately the same 
son!;jtiAdty. It was immediately apparent, hoAvever, that preparations 
0 cephalin might A’ary in sensitmty depending upon slight variations 
m tile preparation procedure and the “age” of the preparation. Rosen- 
)crg- h as recently observed differences in the reaction obtained Avitb 

AJlclu m^aVnerous of Detroit, 
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various ceplialin preparations and suggested that eephalin be exposed 
to the air for a number of weeks to convert it to the “oxidized” form 
in order that false positive reactions may be avoided. Emulsions Avere 
freshly prepared on the day the tests were to be performed and a 
“normal” serum, to check suspension stability, was used as a control. 
The sera ivere obtained from jaundiced patients in Touro Infirmaiy 
and New Orleans Charity Hospital.® The sera of 50 jaundiced pa- 
tients Avere studied. 


The cases are dhdded into (1) cases of jaundice caused by obstruc- 
tion of the extrahepatic biliary tract, and (2) cases of jaundice Avith 
hepatitis, but Avithout demonstrable obstruction of the extrahepatic 
biliary tract. 

1. Cases of Jaundice Caused by Obstruction of Extraliepaiid Biliary 
Tract. — This group of 28 cases included practically all of the common 
types of obstructive processes involving the extrahepatic biliary tract ; 
viz., stone in common bile duct, acute cholecystitis and cholelithiasis, 
stenosis of the common bile duct, congenital obliteration of the bile 
ducts, metastatic carcinoma of the liver and biliary tract, carcinoma 
of the head of the pancreas. Prom Table I, it is apparent that of the 
28 cases, 20 shoAved negative flocculations, 7 gave a one-plus reaction, 
and 1 gave a two-plus reaction. The latter Avas complicated by septi- 
cemia. The 7 faintly positive reactions may have been caused by a 
loAA^-grade hepatocellular damage associated AA’ith obstruction. Signifi- 
cantly no reaction stronger than a tAvo-plus reaction Avas obtained. 
Tavo eases of obstructive jaundice shoAving thi'ee-plus reactions Avere 
omitted from Table 11. One of these Avas diagnosed clinicallj' as ob- 
structive jaundice. The icteric index aa'us 35 and the flocculation three- 
plus. One AA^eek later the flocculation AA'as negative. The patient AA'as 
operated upon the folloAving day and eholeeystgastrostomy performed. 
The head of the pancreas Avas indurated and the regional nodes en- 
larged. No malignancy Avas demonstrated. The final diagnosis Avas 
hepatitis and pancreatitis. It is doubtful that this case AA'as one of 
extrahepatic obstruction. The second case had carcinoma of the head 
of the pancreas AA'ith a tremendously enlarged liver Avhich extended 
13 cm. beloAv the costal margin. No Ih-er sections Avere available. This 
case AA'as obviously one of marked hepatitis complicating the picture 
of obstruction. On the basis of the above data, it seems reasonable to 
conclude that in obstruetiA'e jaundice the eephalin flocculation is pre- 
dominantly negative or faintly positive. 

2. Cases of Jaundice With Hepatitis, But Without Demonstrable Ob- 
struction of Extrahepatic Duct. — The.se eases may be .subdiAuded into 
tAA’o groups: (a) cases Avith acute catarrhal jaundice of unknoAA'n 
etiologA', and undiagnosed hepatitis, and (b) cases cau.sed by some 
chemic al toxin. The fir.st group comprises 12 cases AA'ith icteric indices 


cou.^’t!nr« 



Table II 

Cases op Jaundice With Hepatitis But Without Demonstrable Obstruction of Extrahepatic Duct 
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as high as 400. In this group, three- and four-plus reactions u’ere the 
rule. All patients except the one in Case 12 made an uneventful clinical 
recovery. Case 12 had a Type 1 pneumococcal bacteremia, bronchial 
pneumonia, syphilis, and a possible amoebic hepatitis. 

The second group comprises cases of jamidiee associated with some 
obvious poison ineluding alcohol, sulfathiazole, and arsphenamine. In 
our small series the reactions obtained Aiuth these drugs are not pre- 
dictable and are not particularly cogent from the diagnostic stand- 
point, for the etiologic factor responsible for the jaundice is apparent. 
Our results %vith arsphenamine are similar to those obtained by Hanger.^ 
Recently Hanger and Patek'* have iniblished an extensive series of cases 
of cirrhosis of the liver in which the reaction may vary from a foui‘- 
plus to a negative, depending upon the clinical status of the patient. 
The diagnostic and prognostic significance of their findings has been 
discussed by them. In eases with three- and four-plus reactions the 
speed with which the positive flocculation reaction appeared in the test 
tube was noticeably shorter than time reactions for one- and two-plus 
flocculation reactions. 


DISCUSSION 

In this series of eases of jaundice, our findings tend to confirm the 
observations of Hanger. Cases of jaundice caused by obstruction in 
the extrahepatic ducts give either negative or faintly positive reactions 
with the eephalin flocculation test. Rosenberg® has recently obtained 
similar results in 11 cases of obstructive jaundice proved by operation. 
Cases of jaundice associated with acute hepatitis give strongly positive 
reactions. In addition, we have noted that cases of jaimdice associated 
with some obvious chemical poison may give unpredictable reactions. 
The data indicate clearly that there is a definite diagnostic significance 
to the eephalin flocculation test in the differential diagnosis of these 
two types of jaundice. Diametrically opposite conclusions were reached 
by Pohle and Stewart.® 

While the duration and completeness of obstruction may be predomi- 
nating factors in determining the amount of associated hepatitis, the 
data on the patients observed by Pohle and Stewart, Hanger, and our- 
selves are too different to be reconciled on the basis of differences in 
the degree of associated hepatitis. A more likely explanation would 
seem to be that Pohle and Stewart used a preparation which was more 
sensitive than the ones used by Hanger and ourselves. Indeed, Hanger 
has suggested that this may be the case.’* We incline toward a similar 
view, even though Pohle and Stewart used a preparation less sensitive 
than our original preparations, in that they demonstrated negative 
flocculation reactions with normal sera. It would seem important that 
a single source supply of emulsion material should be used if accumu- 
lated data are to have comparative value. The eephalin-eholestei’ol 
material supplied to us by Difeo Company seems trustwoidhy and is 
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being assayed in oiu* laboratory at the present time. There seems to 
be some indication that it will soon be available on the market. 

SUMMARY 

The cephalin flocculation test was done on sera obtained from 50 
jaundiced patients. A deflnite dift'erenee in flocculation reaction was 
observed in cases of jaundice caused by obstruction of the extrahepatic 
biliary tract and in cases of jaundice with hepatitis, but without de- 
monstrable obstructio]! of the extrahepatie duct. On the basis of our 
data it seems justifiable to conclude that the ceplialin flocculation reac- 
tion is of diagnostic value in the differential diagnosis of obstructive 
jaundice and jaundice caused by hepatitis. The importance of the use 
of a uniform preparation, obtained from a single large standardized 
batch, in a larger series of cases has been emphasized. It is recom- 
mended that the test be applied to the sera of all jaundiced patients. 
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AN EVALUATION OF INTESTINAL SUCTION IN INTESTINAL 

OBSTRUCTION 

James B. Blodgett, M.D., Boston, JIass. 

(From the Laboratory for Sxirgical Research, Harvard Medical School, and the 
Surgical Service of the Peter Bent Brigham Hospital) 

INTESTINAL suction was introduced for the treatment of intestinal 
1 obstruction almost four years agoJ Enough data ai*e now available 
so that statistical evaluation of this therapy is possible. 

SELECTION OF CASES 

The cases used in this analysis are derived from a study of all cases 
of intestinal obstruction treated at the Peter Bent Brigham Hospital 
from 1933 to July, 1941. To these have been added all available eases 
from the American literature that satisfy the requirements of the 
classification. 

When the influence of any one factor on a series of case.s is to be 
studied, the test series should be as similar as possible to the control 
series except in respect to the factor under consideration. The control 
sei'ies in this study is therefore comprised of cases treated since Wangen- 
steen-’ ^ established duodenal suction as an accepted therapy in ob- 
struction. Prior to this it had been recognized that control of the fluid 
and electrolyte balance was essential in the treatment of intestinal 
obstruction. The test series consists only of eases in which the ililler- 
Abbott tube, or other long tube, had definitely passed into the jejunum. 

In order to compare similar types of intestinal olistruction, two dis- 
tinct groups were chosen for analysis: (1) simple mechanical obstruc- 
tion of the small or large bowel; (2) inte.stinal obstruction associated 
with peritonitis. It will be seen that the mortality of these two groups 
is so different that they must be considered separately in evaluating 
any therapy applied to them. 

“Paralytic ileus” not associated with peritonitis is too poorly defined 
a clinical entity to constitute a definite group for an analysis of this 
sort, although individual eases may yield satisfactorily to inte.stinal 
suction. 

STATI.STir.VL SIETIIOD 

Ubviously, no .statistical significance can he attached to the differ- 
ence in percentages of two series unless the difference is consideralily 
greater than that whicli might occur through chance. The range of 
tlie probable variation of the difference belw<‘cn percentages in two 

Rpcolvc'il for publlrutlon. Oct 13. Iflil, 
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being assayed in our laboratory at the present time. There seems to 
be some indication that it will soon be aAmilable on the market. 

SUMMARY 

The cephalin flocculation test Avas done on sera obtained from 50 
jaundiced patients. A deflnite difference in flocculation reaction Avas 
obseiumd in cases of jaundice caused by obstruction of the extrahepatic 
biliary tract and in cases of jaundice AAuth hepatitis, but Avithout de- 
monstrable obstruction of the extrahepatic duct. On the basis of our 
data it seems justifiable to conehide that the cephalin flocculation reac- 
tion is of diagnostic ralue in the differential diagnosis of obstructive 
jaundice and jaundice caused by hepatitis. The importance of the use 
of a uniform preparation, obtained from a single large standardized 
batch, in a larger series of eases has been emphasized. It is recom- 
mended that the test be applied to the sera of all jaundiced patients. 


REFERENCES 


1. Hanger, F. M.: Serological Differentiation of Obstructive From Hepatogenous 

Jaundice by Flocculation of Cophalin-Cliolcsterol Emulsions, J. Clin. Inves- 
tigation 18: 2G1, 1939. 

2. Hanger, F. if.: The Flocculation of Cephalin-Cholcsterol Emulsions by Patho- 

logical Sera, Tr. A. Am. Physicians 53: 148, 1938. 

3. Pohle F. J., and Stewart, J. K.: The Cephalin-Cholesterol Flocculation Tost ns 

an Aid in the Diagnosis of Hepatic Disorders, J. Clin. Investigation 20: 
241, 1941. 

4 Hansrer F M and Patek, A. J.: The Cephalin Flocculation Test in Cirrhosis 
‘ of the Liver, Am. .T. M. Se. 202: 48, 1941. 

K ■Rnspnbere- D H • The Ceplialin-Cholesterol Flocculation Test in Gases of Dis- 
ease of the Liver, Arch. Surg. 43: 231, 1941. 



BLODGETT : INTESTINAL SUCTION IN INTESTINAL OBSTRUCTION 741 

difference (3.1), the reduction in the mortality due to the use of intes- 
tinal suction is of undeniable significance because the odds are 369 to 1 
against this difference being the result of chance. 

Table H 


Mechanical Intestinal Obstruction (Intestinal Suction Used) 


AOTHORS 

CASES 

deaths 


Abbottw 

14 

2 


Wiseii 

3 

0 


Wangensteen et al." 

Leigb et al.i= 

9 

3 


38 

1 


Duncani3 

3 

0 


Willson” 

22 

0 


Bennettis 

9 

0 


Glenns 

34 

5 


Peter Bent Brigham Hospital 

19 

1* 



151 

12 

(7.0% mortality) 


♦This was a. 42-year-old female who was given fair relief of sjTnptoms of obstruc- 
tion by intestinal suction but who died of multiple carcinomatosis. 


INTESTINAL OBSTRUCTION COMPLICATED BY PERITONITIS 

When peritonitis is associated ivith intestinal obstruction, the mor- 
tality is greatly increased. To evaluate the effect of intestinal suction 
on this condition, our eases have been added to all acceptable cases 
appearing in the literature. No distinction was made on the basis of 
the extent of peritoneal involvement. The cases treated without in- 
testinal suction are listed in Table III and those treated with intestinal 


Table HI 

Obstruction With Peritonitis (Intestinal Suction Not Used) 


AUTHORS 

CASES 

DEATHS 


Van Buren and Smiths 

13 

12 


Leigh et al.i= 

T 

6 


Peter Bent Brigham Hospital 

36 

23* 



56 

41 

(73,1% mortality) 


•Causes of death: 17 patients failed to be improved by gastric or duodenal suction; 
12 suffered from pulmonarj* complications which contributed to their death (7, atelec- 
tasis; 5, pneumonia). 

The age distribution was 3 cases under 30 years; 11 cases, 30 to 59 years; the 
remainder, over 60 years. 

suction appear in Table The total number of cases in each group 
is not large, because authoi's seldom list their cases of obstruction and 
peritonitis separately and satisfactory intubation is difficult in the 
presence of peritonitis. However, the difference in mortality percent- 
ages of these groups is highly significant. The mortality in the control 
series of cases with obstruction and peritonitis that were not treated 
with intestinal suction is 73.1 per cent. But the mortality in the same 
tj-pc of case when treated with intestinal suction is 25 per cent. The 
difference between 73.1 and 25 per cent is 48. which is more than five 
times the standard error of the difference (8.2) and thus of undeniable 
.statistical significance. The odds are greater than a million to one that 
the difference is not due to chance. 
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series can be computed by a formula” and is known as the standard 
error of the difference.-* The formula takes into account the total 
number of cases in each series and also the individual percentages to 
be compared. To be statistically significant, the difference between 
the percentages of two compared series must be at least 2.5 times the 
computed standard error of the difference. This fact may become 
clearer if stated in another manner. The probability that the differ- 
ence between percentages of any two series is due to chance may be 
determined mathematicallj'^ by comparing the difference with the com- 
puted standard error of the difference. If the difference between the 
percentages is 2.5 times their standard error, the odds are 80 to 1 that 
the difference did not occur by chance ; if the difference is 3 times their 
standard error, the odds are at least 369 to 1 against the difference be- 
ing due to chance. 


SIMPLE MECHANICAL INTESTINAL OBSTRUCTION 

Fifty-six cases of mechanical intestinal obstiniction were treated vdth- 
out intestinal suction at the Peter Bent Brigham Hospital between 1933 
and 1941. Table I summarizes the mortality figures of these cases and 


Table I 

Mechanical Intestinal Obstruction (Intestinal Suction Not Used) 


AUTHORS 

Van Buren and Smitlis 
Scudder et al.® 

Wangensteen et al." 

GlennO 

Peter Bent Bngliam Hospital 


CASES 


DEATHS 


78 

14 

116 

42 

56 

306 


15 

3 

13 

14 
S* 


53 (17.3% mortality) 

mcpq failed to improve witli s.astric or duodenal suction. Seven 00 . 10.1 hod 
difo to malignancy. All but 2 patients, who were essentially moribund, bad 
obstruction due to^m^it^a to their death: 2 patients died of circulatory failure (1 duo 
toTieart failure? Uie other due to sliook) ; 2 cases were complicated by pneumonia and 
2 by pulmonary 'emboli. 

of the cases of mechanical intestinal obstruction appearing in Uie Amer- 
ican literature between the time that duodenal suction was generally 
used and intestinal suction was introduced. This is a control scries of 
306 cases with a mortality of 17.3 per cent. 

Table 11 "ives the cases and deaths in meehaiiical intestinal olistruc- 
‘”*H.ontefrwith inte.stinal suction. Tlic total number of cases is 151 ; 

reality is 7.9 per ce^ 

therefore, that when intestinal suction is added to the 
It appears, t,.catmcnt of mechanical inte.stinal obstruction, tlic 
usual measuies ^ cent. Since the difference be- 

mortality is icfd three times the standard error of the 

tween these percentages (.>. ; ■ 
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DISCUSSION 

This evidence that the use of intestinal suction is an essential factor 
in reducing the mortality of intestinal obstruction parallels the experi- 
ence of Johiiston*® and Leigh and his co-woi'kei’S^" in their own clinics. 


Table VII 

Analysis op Peter Bent Bp.igham Hospital Cases of Intestinal Obstruction 
With Peritonitis (Intestinal Suction Not Used) 


ETIOX.OGY OP PERITONITIS ANB OBSTRUCTION 

NO. 

OF 

CASES 

operation 

BIEB 

YES 

NO 

Appendicitis 

10 

10 


3 

Perforations of gastrointestinal tract 

m 

5 


2 


2 

2 

Inflammation of female internal genitals 

! 3 1 

3 


1 

Ulcerative colitis 




1 

Septic abortion 




1 

Prostatectomy postoperatively 

1 

WSSm 


1 

Carcinoma of large bowel 

10 

9 


S 


1 

1 

LymphosaTcoma of small bowel 

2 

2 


2 

Stetastatio carcinoma of small bowel 

1 

1 


1 


Table VIII 


Analysis of Peter Bent Brioham Hospital Cases of Mechanical Obstruction 
With Peritonitis (Intestinal Suction Used) 


ETIOLOGY 

NO. 

OP 

CASES 

j OPERJ 

i YES 

mON 

NO 

DE.ATHS 

Appendicitis 

3 

1 3 


2 

Perforation of large bowel i 

2 j 

9 


Q 

Inflammation of female internal genitals 

1 

1 


0 

Total hysterectomy postoperatively 

1 

1 1 

i 

0 


Intestinal suction is an ideal physiologic treatment because it pro- 
duces an outlet for the intestinal contents at a point just proximal to 
the obstruction. As the intestine is decompressed, the circulation is 
improved, the smooth muscle regains its normal tone, and the impor- 
tant function of nutrition may be resumed. When the pressure within 
the intestine is released, the volume of circulating plasma, which has 
heen shown to be reduced in obstruction, is restored to normal. Eeduc- 
tion of the iutra-abdominal pressure by the decompression of the in- 
testine allows normal circulation in the great venous channels and 
normal diaphragmatic excursion. Preoperative decompression of the 
alimentary tract by inte.stinal .suction may avoid the necessity of colos- 
tomy or ciilerostomy and presents the operator with undistended bowel 
of normal thickness and tone. Intestinal suction continued into the 
postoperative period protects the anastomo.sis by preventin"- intralu- 
minal pressure whieli might “blowout” tlie suture line or impair its 
circulation. * 
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Table IV 


Obstedction With Peritonitis (Intestinal Suction Used) 


AUTHORS 

CASES 

DEATHS 


Abbottio 

3 

1 


Leigli et al.12 

14 

1 


Penberthy et al.is 

6 

2 


Duncanis 

1 

0 


Bennettis 

4 

4 


61enn9 

14 

2 


Wangensteen et al." 

3 

1 


Peter Bent Brigham Hospital 

7 

2* 



52 

13 

(25% mortality) 


•One patient was a 58-year-old female with generalized peritonitis due to acute 
appendicitis with perforation. Duodenal suction for eight days gave little improve- 
ment. Intestinal suction for seven days reduced x-ray evidence of distention but did 
not improve patient’s condition. She died of overwhelming peritonitis of Bacillus coli 
and Streptococcus faecalis origin. The other patient was a 69-year-old male witli 
generalized peritonitis due to acute appendicitis with perforation. Intestinal suction 
for eight days prevented x-ray evidence of distention. Palicnt died of peritonitis and 
toxic hepatitis. 


Table V 


Analysis of Peter Bent Brigham Hospital Cases of JIeciianical Obstruction 
(Intestinal Suction Not Used) (1933-July, 1941) 



NO. 

1 site of 

OBSTRUCTION 

1 OPERATION 


etiology of obstruction 

OF 

CASES 

SMALL 

BOWEL 

LARGE 

BOWEL 

YES 

NO 

DEATHS 

Postoperative adhesions 





24 


1 


2S 

28 




4 

0 

Gallstone 

2 

2 


2 


0 

Impacted fecalitli 

1 j 

1 


Kii 


0 

Carcinoma 


0 

mm^Bi 



0 

25 



23 

22 


0 




J 



1 

1 


Table A'l 

. ov Pfter Bent Brighaji Hospital Ca.ses of Mechanical Obstruction 

Analisis ' (Intestinal Suction Used) 


etiology or obstruction 

NO. 

OF 

CASES 

I SITE OF OBSTUrCTlON 

1 operation 

DEATHS 

.SMALL 

BOWEI. 

LARGE 

BOWEL 


so 

pSitopcratTve adhesions 

11 

n 

1 


5 


n 


i) 

I 

0 

y^moral hernia 

Carcinoma 



7 

i 

0 


1 

r> 

1 

ri 

1 


0 
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The mortality in 306 cases of mechanical obstruction treated without 
intestinal suction is 17.3 per cent. In 151 cases of the same tj^ie treated 
with intestinal suction the mortality is 7.9 per cent. 

The mortality in 56 cases of obstruction with associated peritonitis 
treated without intestinal suction is 73 per cent. But in 52 cases of 
the same condition treated with intestinal suction the mortality is 25 
per cent. 

The clinical Talue of intestinal suction in reducing the mortality of 
obstruction justifies the effort of acquiring and applying the technique. 
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Lest this evidence be considered as indicating the desirability of in- 
testinal suction in all cases of obstruction, the contraindications should 
be emphasized. Tl'hen a reasonable possibility of vascular strangula- 
tion exists, intestinal suction should not be resorted to except as prep- 
aration for immediate operation. The danger is that although decom- 
pression olfers no relief for the vascular obstruction, it may mask the 
symptoms to such an extent as to minimize the urgency of operation 
which is the essential therapy for intestinal strangulation. The deci- 
sion for immediate operation depends upon nice clinical judgment of 
all facts at hand. If strangulation cannot be ruled out, surgery should 
be advised. Willson^ and others have pointed out that intestinal in- 
tubation should not be attempted in eases of obstruction of the large 
bowel which show great distention of the colon and little e'vddence of 
distention of the small bowel. The rationale of this suggestion is that 
under these circumstances, the ileocecal valve is still competent and 
does not pemit the pi-essure within the large bowel to be relieved by 
regui'gitation into the ileum. In such eases, the dangerous pressure 
on the colon cannot be reduced until the tip of the long tube has passed 
through the ileocecal valve. The passage of the tube through the wliole 
small bowel may not be complete for days, and even then it may be 
impossible to get the tip to pass through the competent ileocecal valve. 
Accordingly, intestinal intubation is not the treatment of choice be- 
cause the relief of pressure in the large bowel may be unwisely delajmd. 

The reduced mortality from the proper \ise of intestinal suction de- 


pends upon successful intestinal intubation and the maintenance of 
continuous suction. Intubation may be difficult or, rarely, impossible. 
During intubation and suction, both patient and apparatus require the 
closest supervision and attention to details. It is the universal ex- 
perience of clinics using the technique extensively that the number of 
failures of intestinal suction is greatly reduced by increased knowledge 
of the details of technique and earlier decisions to employ intestinal 
suction.’® Whipple’® states: "The reason that so many hospitals have 
failed to appreciate the value of the Millcr-Abbott tube in dealing with 
cases of ileus is that no one person has learned the application and 
technique of the method and acquired the experience neec.ssaiy to its 
ess ” The details of the technique of the method have been pnb- 
1 +l,nsp who devised the apparatus and others who have had 
lished bj those Whatever effort is involved in 

acquirin-'^Ld applying the technique is certainly justified by the fact 
Sat intestinal suction is a life-saving procedure as an adjunct to the 
treatment of obstruction. 


coxcnu.sioNS 


■tin'll .suction in the treatment of intestinal obsfriie- 
The use a'stafistically significant reduction in mortality. 
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manometer (specific gravity, 1.5), and intestinal motility was recorded 
on the kymograph. The fistulas had heen installed for carcinoma of 
the intestine, ileitis, or colitis. At the time of the experiments the 
patients were in good condition. A control pei'iod of at least thirty 
minutes was taken to establish the prevailing rhjdhm of intestinal 
motility. After that each patient received an intramuscular injection 
of 1 mg. of prostigmine methylsulfate, and during another test per- 
formed one to two weeks later, 1 mg. of prostigmine* plus 50 gammas 
of acetylcholine. The record was continued for two to four hours fol- 
lowing the injection. 

In the animal experiments, normal dogs anesthetized with nembutal 
were employed. Blood pressure ivas recorded from the carotid artery 
and heparin Avas used as anticoagulant. Intestinal motility was re- 
corded by balloons inserted in the jejunum, the ileum and the colon, 
using the same type of manometer as described above. All injections 
Avere given intravenously. 

RESULTS 

Fifteen human subjects Avith intestinal fistulas Avere used. The rec- 
ords of all fifteen patients used regnlarl3^ shoAAmd stimulation of in- 
testinal motility by prostigmine and prostigmine-aeetyleholine. No 
diiference Avas found, hoAvever, betAAmen the prostigmine and acetyl- 
choline-prostigmine mixture. This maj' have been due to the small 
amount of acetylcholine emploj'-ed. In previous experiments on ani- 
mals AA'ith peritonitis, we have found that the combination of eserine 
and acetjdcholine produced more intestinal motility than eserine alone.' 
We believe that in our present experiments, the acetylcholine Avas not 
destroyed bj' the blood esterase because it must have been adequatelj' 
protected against this enzjnne by the rather large amount of prostig- 
raine injected Avith it. We did not AA'ish, hoAvever, to take the risk of 
injecting larger amounts of acetylcholine in AueAV of untoAvard reac- 
tions Avhich Ave had experienced in previous Avork. In a number of 
patients intestinal motility Avas stimulated so strongly bj^ prostigmine 
that the balloon Avas pushed out of the fistula and in some cases CA'aeu- 
ation of fecal material occurred. A fcAV patients experienced cramps 
which AA'CTC not particularly strong or disturbing. 

illoycr and Nccheles^ have reported tests on patients Avith mega- 
esophagus in AA’hom the injection of prostigmine AA'as folloA\-ed b.v in- 
creased tone and peristalsis of the esophagus, and in experiments on 
esophageal motility of the dog they have been able to shoAv that pros- 
tigmine Ava.s still offectiA’e on the esophagus after atropinization of the 
animal; that is, that prostigmine had an effect not only through the 
parasympathetic nerves, but also directly on the musculature. The 
experim ents on the dog reported here AA'cre therefore conducted Avith 

•Sui’PlIed by Hoftniann-La Rochc. Inc.. Xuttey, XT. J. 
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H. Necheles, M.D., Ph.D., Chicago, III.! 

(From the Departments of Gastro-Intestinal I'eseatch a7ul Surgery, 

Michael Reese Hospital) 

E SERINE has been used by veterinarians to overcome distention and 
atony of the intestinal canal in animals. In recent years eserine 
has been employed for tlie same conditions in tlie human being and in 
two reports from this laboratory its effects on intestinal motility of 
normal dogs and of dogs with peritonitis liave been demonstrated.'’ - 
Recently prostigminc, an eserine derivative, lias been used widely due 
to its relative lack of the undesirable by-effects of eserine. 

While many rqiorts have been published on the effects of eserine'’ - 
and of prostigminc'’" on intestinal motility in the normal and in flie 
diseased man and animal, we have been interested in another angle of 
this question; namely, whether under pathologic conditions such ns 
peritonitis, inflammation or di.stention of the intestine, any or enough 
acetylcholine would be liberated at the parasympathetic nerve endings 
of the intestine to produce peristalsis. It has lieen shown recently that 
nervous impulses failed to be transmitted to the effector organs when 
vascular tone was low.' The effects of c.serine or prostigminc in the 
usual doses administered to man arc considered to be due to their 
inliibitory action on blood esterase, the fei’inent which hydrolyses 
acetylcholine after it lias been formed at the nerve endings and has 
acted on the intestinal mmscidatiire. If under pathologic conditions, 
normal activity of the parasympafheties should be abolished, and if 
the effects of eserine or prosfigmine would be only Gu’ough stimula- 
tion of parasympathetic activity, we could not exiieet beneficial effects 
under these conditions. With the.se qne.stions in inind tests were per- 
formed on patients with ileostomie.s. eeeo.stomies, or eolo.stomies, and 
on normal anesthetized dogs. 

AIETnODS 
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too small, and that with a larger dose distinct effects would have been 
obtained, but we did not want to use higher doses in view of the 
dangers involved in such a combination of drugs, and in view of the 
relative weakness of our subjects. The experiments on the dog have 
given us valuable experience concerning the mechanism of prostigmine 
on the intestine, and we feel certain that this expeiience can be ap- 
plied to the human being as well; namely, that the motor effect of 
prostigmine on the intestine is not only an indirect one through the 
endings of the parasympathetic nerves, but also a direct one on the 
musculature of the intestinal canal. Acetsdcholine alone had no effect 
following a large dose of atropine. This was not the case when pros- 
tigmine was given ; that is, its direct muscular effect had become evi- 
dent. Prostigmine, therefore, produces intestinal motility not only by 
an indirect effect through the parasympathetic nerves, but also by a 
direct effect on the intestinal musculature, as we were able to show 
also for the esophagus.” We conclude, therefore, that when the para- 
sympathetic nen'-es or their endings in the intestine have suffered 
following pathologic conditions, prostigmine may yet be expected to 
be effective due to its direct muscular effects, promded that the intes- 
tinal musculature is still viable. It is evident, however, that prostig- 
mine or any similar drug should not be given in case of damaged in- 
testine which may be expected to perforate. 

SUMMARY AND CONCLUSIONS 

The effect of intramuscular injection of 1 mg. of prostigmine to pa- 
tients with ileal, cecal, or colonic fistulas has been tested. In every 
instance a good response of intestinal motility lasting from tliirty to 
sixty minutes ivas found. A mixture of prostigmine and acetylcholine 
did not have any better effect than prostigmine alone. No serious or 
disturbing by-effects of the injection of prostigmine were observed. 
In experiments on dogs it was found that the effects of prostigmine on 
the intestinal musculature are twofold; namely, through stimulation 
of the parasympatheties and through direct stimulation of the intesti- 
nal musculature. Following atropinization of the animal, acetylcholine 
was not effective, while prostigmine still evoked distinct rhj'thmie mo- 
tility and increased tone of jejunum and colon. We feel, therefore, 
that the administration of prostigmine to patients with intestinal 
paralysis, in whom the nervous motor mechanism may have suffered, 
is a good procedure. The weight of the patient should be considered 
in the computation of the dose of prostigmine. Patients below 125 
poiinds of body weight should receive proportionately less than 1 mg., 
which seems to be adequate for persons at or above that iveight. In 

cases of impending perforation of the intestinal walls prostigmine 
should not be used. 
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this experience in Aneiv. If the intestine reacted to pvostigmine after 
atropinization, this purely muscular effect of prostigmine Avould give 
us the assuz’ance that in a damaged intestine in ■which the parasjmipa- 
thetie stimuli could not be effective, we might still he able to produce 
motilit 3 ’' with its beneficial effects such as evacuation of gas, fecal ma- 
terial, etc. 

Fig. 1 represents a typical experiment on a dog. Following a suit- 
able control period, the injection of 0.5 mg. of prostigmine intrave- 
nously was followed bj’’ a steep rise of tonus of the colon and defecation. 
Tonus and motility of the jejunum rose likewise, but not as markedly 
as that of the colon. Following this, 2 mg. of atropine was injected 
intravenouslj’- and was followed by a decrease of tone and of contrac- 
tions of both jejunum and colon. .Twenty-five minutes later, the in- 
travenous injection of 0.5 mg. of prostigmine was followed bj’’ increase 
of tone and motility of the jejunum and slightljr increased motility of 
the colon. When the same injection was repeated nine minutes later, 
both colon and jejunum responded with increased tone and motility. 
Twenty-eight minutes later, an additional dose of 2 mg. of atropine 
was injected intravenously in an attempt to obtain more complete 
atropinization. Nevertheless, 1 mg. of prostigmine still evoked motilit.v 
and tone in jejunum and colon. After atropinization, the blood pres- 
sure depressing effect of prostigmine was abolished. A dose of 50 
gammas of acetylcholine injected inti'avenously did not affect jejunal 
and colonic motility following the last injection of prostigmine. 
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too small, and that with a larger dose distinct effects would have been 
obtained, bnt we did not want to use higher doses in view of the 
dangers involved in such a combination of drugs, and in view of the 
relative weakness of our subjects. The experiments on the dog have 
given us valuable experience concerning the mechanism of prostigmine 
on the intestine, and we feel certain that this experience can be ap- 
plied to the human being as well; namely, that the motor effect of 
prostigmine on the intestine is not only an indirect one through the 
endings of the parasympathetic nerves, but also a direct one on the 
musculature of the intestinal canal. Acetylcholine alone had no effect 
following a large dose of atropine. This was not the case when pros- 
tigmine was given; that is, its direct muscular effect had become evi- 
dent. Prostigmine, therefore, produces intestinal motility not only by 
an indirect effect through the parasympathetic nerves, but also by a 
direct effect on the intestinal musculature, as we were able to show 
also for the esophagus.^ We conclude, therefore, that when the para- 
sympathetic ner\'es or their endings in the intestine have suffered 
following pathologic conditions, prostigmine may yet be expected to 
be effective due to its direct muscular effects, proAuded that the intes- 
tinal musculature is still viable. It is evident, however, that prostig- 
mine or anj' similar drug should not be given in case of damaged in- 
testine which may l)e expected to perforate. 

SUMMARY -AND COXCLUSIOXS 

The effect of intramuscular injection of 1 mg. of prostigmine to pa- 
tients with ileal, eeeal. or colonic fistulas has been tested. In every 
instance a good response of intestinal motility lasting from thirty to 
si.vty minutes was found. A mixture of prostigmine and acetylcholine 
did not have any better effect than prostigmine alone. No serious or 
disturbing by-effects of the injection of prostigmine were observed. 
In experiments on dogs it was found that the effects of prostigmine on 
the intestinal musculature are twofold; namely, through stimulation 
of the parasympatheties and through direct stimulation of the intesti- 
nal musculature. Following atropinization of the animal, acetylcholine 
was not effective, while prostigmine still evoked distinct rhjdhmic mo- 
tility and increased tone of jejunum and colon. We feel, therefore, 
that the administration of prostigmine to patients with intestinal 
paralysis, in whom the nervous motor mechanism may have suffered, 
is a good procedure. The weight of the patient should be considered 
in the computation of the dose of pro.stigmine. Patients below 125 
pounds of body weight should receive proportionately less than 1 mg., 
which seems to be adequate for persons at or above that weight. In 
cases of impending pei-foration of the intestinal walls prostigmine 
should not be used. 
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EXPERIMENTAL INWESTIGATION OP GASTROINTESTINAL 
SECRETIONS AND MOTILITY FOLLOWING BURNS 
AND THEIR RELATION TO UXCER* 

H. Necheles, 5LD., Ph.D., axd Wm. H. Olson, Chicago, III. 

(From the Department of Gnstro-Inieslniol Eeseareh, Michael Seese Sospital) 


A lthough gastrointestinal ulcers folloiving btu’ns are not frequent, 
there is no doubt that their incidence has been higher than that 
of a normal population.^ Slanj’’ theories concerning the cause of 
Curling ’s ulcer have evolved during the last 100 years, but no systematic 
work on gastrointestinal secretions and motility following burns w'as 
found. Harkins review’cd the literature extensively in 1938 and found 
it to be rather contradictory.^ A number of authors have held toxic sub- 
stances to be responsilile for the development of Curling’s ulcer. These 
substances have been believed to be the product of the burn in the 
affected area and have been supposed to damage the gastric and 
duodenal mucosa cither directly from the blood, or indirectly from the 
bile following their excietion in the liver, or still more indirectly by 
diminution of bile secretion through the toxic effects of such substances 
on the liver. Gastric hyperacidity following burns, acting on areas 
already damaged by bum toxins, were held responsible by Levin in 
1929, “ but Wilson in 1935^ could not confirm this. Levin’s assump- 
tion of hyperacidity^ was not based on any experimental or factual 
evidence. Tinel and Ungar reported increased volume of gastric secre- 
tion following immersion of the foot of an anesthetized dog in water of 
50° C. for two minutes.^ 

Our work was directed to observations on the eft’ects of burns on 
gastrointestinal secretions and motility. 

The literature on the effects of shock in general on the gastrointestinal 
mucosa of man has been reviewed recently by Harkins,' Penner and 
Bernhcim,”'' and Klemperer and collaborators.® From a study of the 
literature and from our own experience we know’ that following shock 
from any kind of trauma, gastritis, duodenitis, or enteritis with 
pctechiae, conge.stion, edema of the mucous membranes, and erosions 
or ulcers may be found. 

Experimental Technique and Procedure.— isormnl, healthy, fasting 
<logs (thirty hours) were anesthetized with pentobarbital sodium (nem- 
butal) or with ether, and were kept under anesthesia for the entii-e 
duration of the expeiimont. Unless the animals died, they were de- 
stroyed rapidly and, needless to say, painlc.s.sly at the termination of 
the exp eriments. Blood pre.ssnrc was recorded in the usual way from 
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the carotid arterj'’ with a mercury manometer. Respiration was recorded 
bj’" a cuff placed round the chest; intra-abdominal pressure from a 
balloon placed between liver and diaphragm; and gastric, duodenal, and 
colonic motility by balloons placed in these organs. The various 
motilities were recorded by manometers filled with a mixture of oil and 
carbon tetrachloride, with a specific gravity of 1.5. Gastric secretion 
was collected either by suction from a tube tied in the pylorus, or by 
gravity from a cannula in the most dependent part of the stomach, the 
animal being placed on its abdomen on an operating table tilted upward 
at an angle of about 30°; in other experiments the esophagus was ligated 
in the neck and the pylonis just beyond the sphincter, and gastric secre- 
tions were collected at the termination of the experiment. Salivary 
secretion rvas collected from one submaxillary duct, biliary secretion 
from the common duct, with the cj’stic duet ligated, and pancreatic 
secretion from the main pancreatic duet. Each drop of these secretions 
was recorded by an instrument described b 3 ' us.° The volume of gastric 
juice was marlced on the kj'mograph record for everv 10 c.e. of secretion 
collected. In one group of animals the unstimulated fasting secretions 
were collected. In another group seei-etions were stimulated at regular 
intervals during the control period and following trauma or burns. 
'"’*More or less extensive torcli burns were applied to the hindleg and 
the lower part of the back. In one experiment one hindleg was scalded. 

A number of animals were used as controls to determine tlic effects 
of anesthesia alone. In order to clieck the degree of shock in tlie controls 
and in the shock series, circulating time,^' plasma COj, hematocrit, 
hemoglobin and plasma proteins were determined in most experiments. 


RE.SULTS 

A. Secretions . — 

1. Controls for Salivartf, Pancreatic, and Bilianj Secretion . — In 4 con- 
trol experiments without burns constant injection of glucose (5 per 
cent)-saline (0.9 per cent) solution at the rate of 2 c.c. per minute was 
administered by a pump described previously.*" Hourly intravenous 
injections of pilocarpine nitrate, 0.25 to 0.5 mg., or of secretin,* 5 to 10 
mg were given alternately, and in the following a change of secret inn 
denotes ehLges in stimulated sccrcfion.s. 

In 3 of the control animals, in whicli .salivary .secretion ivas irrortlcil, 
no chan<’'e was noted. Two of thc.se experiments lasted twelve hours 
d l lasted six hours. Of 3 control experiments, in which bile secretion 
corded in 1 no change was iiofiecd over a period of twelve hours 
wasiec . ^ decrease occurred in experiments lasting 

1 - and four hours rcspcctivd.v. In 3 expenments, in winch [lan- 
twenc . recorded, no change was noted in experiments last- 

crcatic scci “ hours respectively. In all control animals 
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blood pressure fell gradually as the experiments progressed, but the 
animals maintained a mean blood pressure of about 100 mm. during 
the greater part of the experiment. 

2. Uuras. — 

(a) Salivary, Pancreatic, an-d Biliary Secretion: Control periods of 
several hours’ duration preceded the burn. All animals received con- 
stant ininsion of glnoose-salino solution and altotnating infections of 
pilocarpine and secretin, as described above, under ‘ ' Controls. ’ ’ Experi- 
ment 1 lasted six and one-half hours; blood pressure fell gradually from 
115 to 40; saliA’arj' secretion decreased 50 per cent. Biliary secretion 
was not affected by the first small burn on one leg, but decreased by 
50 per cent following more extensive burns. Pancreatic secretion was 
diminished 50 per cent. The volume of gastric secretion rose consider- 
ably following the burn (Table I, Experiment 26). Dog 2, in an experi- 
ment lasting ten hours, showed salivary and gastric secretions (Table I, 
Experiment 27) considerably increased following a burn, while biliary 
secretion decreased 50 per cent. After a second and third more ex- 
tensive burn, biliarj' secretion was inhabited 75 per cent and urinarj’ 
secretion 50 per cent (collected from one cannulated ureter). In Dog 3, 
in which one hindleg was scalded, blood pressure gradually dropped 
from 150 to 40, and a 60 per cent decrease of salivary, biliary, and pan- 
creatic secretions was noted. Gastric secretion rose considerably 
(Table I, Experiment 28). The experiment lasted six hours. 

(b) Gastric Secretion (Tables I and II): In Experiments 4, 5, 13, 
and 23 to 29 esophagus and pylorus were ligated and gastric juice was 
collected from a cannula (v.s.). In the other experiments esophagus 
and pylorus were ligated and gastric contents measured at the termina- 
tion of the experiment. A solution of 0.9 per cent NaCl with 5 per cent 
glucose was used when constant injection was given. 

Tables I and II show that the resting stomach of 10 anesthetized ani- 
mals secreted small amounts of fluid varjdng between 0 and 10 c.c. per 
hour (controls of Experiments 3 to 5, 11 to 13, and 17). Intravenous 
infusions of saline-glucose solution, starmng* for thirty hours, feedingt 
ten hours before the experiments, and the injection of pilocarpine (Ex- 
periments 26 to 29) did not affect this secretion noticeably; its acidity 
was low, with no free acid and between 10 and 20 degrees of combined 
acid (i.e., cubic centimeters of N/10 HCl in 100 c.c. of gastric juice). 

Wlien animals were subjected to bums, those not receiving intravenous 
infusions did not show a significant change in gastric secretion. On the 
other hand, in the experiments in which intravenous infusion was ad- 
ministered, the quantity of gastric secretion rose considerably in volume 
in all animals, and in acidity in a number of them. Administration of 
food ten hours before the burn seemed to enhance the secretion of acid. 
e.xperiments in which drugs were employed (Experiments 23 


•All animals had access to water. 
tMcnt, cereals, bread, and vegetables. 
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Table II 


Summary of Gastric Secretions Following Burns 


TOTAL XO. OF ; 
EXPERIMENTS ^ 

PROCEDURE 

1 

AVERAGE 
SECRETION 
PER HOUR 

c.c. 

NO. OF E.XPERI- 
JIENTS WITH 
FREE ACIP 


No hums, all experiments* 

3.0 

0 


No infusion 

2.1 

0 


Infusion 

3.4 

0 


Burns, fed or starved, no infusion! 

3.3 

0 


Starved, infusion 

17.4 

3 out of 7 


Fed, infusiont 

24.1 

4 out of 5 


‘Except histamine Experiments (No. 23-25). 

fExcept Experiments 2 (dog: sick) and 14 (died 5 minutes after burn). 
lB.xcept histamine and pilocarpine experiments (No. 23-29). 


to 29) similar results were obtained, except in Experiment 25 in wliicli 
seei'etion decreased after a burn, although histamine had been given 
by constant injection. 

In the experiments in which pilocarpine was administered (Bxpei'i- 
ments 26 to 29), surprisingly low volumes of secretion were obtained 
during the control periods; follotving burns the volumes rose to a con- 
siderable degree, but not acidity. 


motility acute.! NC 2 

006*36 cf 16 KGS) 

nembutal 
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duodenum 
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pressure I 
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n r'outrfslntcslinRl inotlllty and intm-abclominni prrM'jurc folIowinET 
^ b^Lirns^ XMe mcreaso of intra-abdominni pressure following third hum. 

, increase in the rate of volume .secretion seemed to be greatest 
X 1 %r.llnwin£: the bum, sometimes during tlic fii-st few ininute.s 
immediatelj J and 27). 

(see E.xpeiiments ’ seemed to he related to the nppenranee of 

The amoun o ^ prc-sence of free neid aeennifmnied the larger 
free acid so tar a.s reverse was not aiway.s true. Food in the 

volumes of secretion, hut the 
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stomach may abolish free acidity (Expei’iment 22). In Experiment 5 
only 33 c.c. of an alkaline fluid 'was discharged from the cannula in the 
pylorus, but when the stomach was opened it was found to contain 233 



c.c. of secretion with 74 and 85 degrees of free and total aeidifv In 
this dog the pre.senee may be assumed, of a spasm of the museulus 
.sphincter antri, which separated the antrum and the bodv of the 
stomach. Tl.is a.ssuniption is .supported by our observations on the 
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motility of the stomach after burns and by tlic findings in a case of a 
Imrned child. The dog in the above-mentioned Experiment 5 had a 
prepyloric ulcer and a marked degree of gastritis. 


B. Motility . — 

In the experiments repoi'ted above a great inerea.se in the rate and 
depth of respiration and a strong contraction of the abdominal wall 
were noted to follon- a burn in animals in a deep state of anesthesia, 
with absence of the corneal reflex. In the following experiments rcs])iva- 
tion, intra-abdominal pressure, and gastrointestinal motility wci'c in- 
vestigated following burns. 

In 2 experiments motility of duodenum, colon, and stomach was 
recorded, together with intra-abdominal pressure and blood pressure. 
In Experiment 1 a notable increase in intra-abdominal pressure and 
respiration followed the burn, wdth little effect on gastrointestinal 
motility per se, except that produced by intra-abdominal pressure ami 
respiration. The blood pressure in this dog fell very little. In the 
.second experiment (Fig. 1) considerable duodenal motility with strong 
and prolonged contractions followed the first and second burns. Follow- 
ing a third more severe burn of the legs and the lower part of the back 
a marked increase in intra-abdominal pressure and an inci'ease in colonic 
motility were noted. As will be shown below, gastric motility following 
a burn is strongest in the pyloric antrum, and a stomach balloon will 
indicate little of this activity. 


In order further to analyze gastric motilit.v following burns, 13 ex- 
periments were performed, using various procedures. In 2 experiments 
the abdomen was kept open and the stomach exj)oscd to direct observa- 


tion. The viscera were kept moist throughout the c.xpcrimcnts. In 
3 e.xperiments the chest was opened, the phrenic nerves cut, and artificial 
res])iration was admini.stered. In most ex]mrimcnts a balloon was inti'o- 
duced into the jiyloric antrum througli the pylorus, and in some experi- 
ments another balloon was inserted into the body of tlic stomach through 
the esophagus. In a number of animals the vagi were cut in the neck 
and the sidanehnie nerves iibove the diaphragm. A number of animals 
received 1 to 4 mg. of atrojiine sulfate intravenously before or following 
burn Blood pre.ssuiT and respiration or intra-abdominal })ressnre 
•ere recorded. Hemoglobin, hemaloerit. plasma {'()„. plasma iiroteiiis. 

• nd circulating time wei-e detenniiu'd in Tnosf of tiie exi)erinients. 

TTj.r o demonstrates a typical cNperimenl. During a control pciiix] 
f iilv minutes little antrum motility was ai)parent. Following the 
’ antrum motility and lone were greatly augmented. Section 
first )urn, < ..lidliNh anfrinn motility, but modificf] it, due a))- 

of both vag. d>'l i„ respiration. Following a s.-cond burn, ar, 

])aveiitU ^ ]^rrroo nw)ti!ity (H’currrHi; s(rtion of tln‘ vni/i 

even grcatci < e_i ....p effects »if burns on llie pvlorie ;inli nm. 

seemed to enhance tin rnot 
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The intravenous injection of 2 mg. of atropine sulfate abolished antrum 
motility completely for about 100 minutes. A slight degree of motility 
reappeai-ed later, but a third bum failed to evoke the usual motility 
which was observed in control experiments to follow three or four 
subsequent bums. Two similar experiments were peiTormed, with 
identical results. 

Section of both vagi and splanchnics did not abolish antrum motility 
following a burn, and a subsequent burn elicited strong increase in 
antrum tone and motility. 

In 4 experiments simultaneous balloon records from the pyloric 
antrum and from the body of the stomach were obtained. Motility of 
the corpus of the stomach was apparent following burns, but it was of 
lesser degree than that of the antrum. Both were abolished by intra- 
venous injection of 2 to 4 mg. of atropine sulfate, and subsequent burns 
failed to elicit them. 

The duration of gastric motility following a burn varied between 
twenty minutes and two hours. Antrum motility persisted for longer 
periods of time than motility of the corpus of the stomach. 

The experiments in which the stomach had been exposed for observa- 
tion amplified the above experiences. In one such experiment no gastric 
motility was seen during a period of twenty-five minutes before the 
burn. Immediately after the start of the burning, the antrum began 
to show contractions, followed shortly by the corpus. The entire 
.stomach contracted tonically to about one-half its size. The contractions 
of the antrum began at the height of the incisura angularis and were 
regular and forceful, with a rate of one or two per minute, giving the 
impression of pulsations. The waves of contraction stopped at the 
])yIorus and none were observed to pass into the duodenum. The 
duodenum contracted tonically. Section of tlic vagi did not affect 
gastric motility, but injection of 2 mg. of atropine sulfate abolished 
motility and relaxed the stomach completely within five minutes. An- 
other burn, applied twenty mimrtes later, did not evoke gastric motility 
or inei’casG in tone. 

In another similar experiment the first burn produced strong motility 
of antrum and stomach. A second burn, following section of the vagi, 
was followed by such forceful antrum motility that the distal part of 
tiie antrum was forced over the pyloric canal, giving the impression of 
an intus-suseeption. Two milligrams of atropine intravenously aboli.shed 
lone and contractions for nincty-foirr minutes, after which a third burn 
fuused small increase of tone and shallow ripples of motility mainlv 
of the antrum. Following the first burn, the gall bladder contracted 
to about one-half its size, but the duodenum did not change. 

The effects of atro])ine were uniform in all 7 experiments in which it 
was injected. IMotility and tone of the stomach, following one or more 
hnrns, were either abolished or depressed to shallow ripple.s. 
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Intra-abdominal pressure, •which ■svas increased in every burn experi- 
ment, "was not responsible for the gastric motility observed, as proved by 
experiments with chest opened, phrenics cut, and artificial respiration, 
and by direct observation. The increased intra-abdominal pressure was 
due to tonic contraction of the abdominal wall and of tlie clicst, as ob- 
served directlj’ and as shown on graphic records. 



I'ATnOLOGIC nNlU.VGS 


After burn.s a 




rif edema of llie mucosa ami ol 
a luimiier of aiiim:ds with small 
mucosa iti ;i fi'W animals, and a 
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prepyloric nicer in one dog. Histologically this last was a typical peptic 
nicer, extending to the innsenlaris propria.- The duodenitis was 
present also in animals in which the pylorus iiad been ligated, so that 
no gastric juice could have entered the duodenum. The edema of the 
mucosa of the stomach was particularly striking in tho.se animals which 
had received intravenous infusion of saline-glucose solution. ISio 
macroscopic changes were found in the adrenals. 



CIIEMICAT, riNDINii.S 

No relationship wa.s found between the degree of acidosis and lieino- 
eoncentration and the secretory or motor responses following bnrns. 
Host aniinal.s had i>iood ])ressures of lOf) and above for the greater part 
o f the experiment, and in nearly all of tiieni the Iniriis did not affect 

•W.' nro Iniiobtfil to Dr Mix App-U from thr D.-partnirnt of lAitholocj- for advice 
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blood pressure greatlj’^; in a number of dogs blood i)ressure rose after a 
burn. Urinaiy secretion, collected from a Tireter or from llie bladder 
in several experiments, showed a decrease of about 50 per cent, as iicmo- 
coneentration and acidosis developed. The detailed results of our studies 
on blood chemistry following shock from burns will appear in another 
paper by ns. 
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DISCUSSIOX 

Following burns the volume of ga.slric secretion was found to bo 
increased considerably in tho.se cxjicrinienls in whicii ii constant intra- 
venous infusion of saline-glucose solution was given. In the cxjici'imenfs 
without intravenous infusion no approciiiblc incrciisc in volume of 
"astric .iuice was found after a burn. Feeding ten houi'S before tlie 
experiment seemed to result in a larger volume of secretion and a Iiigher 
inklencc of free acidity following a burn Hum resulted after .starving 
animal for thirty hours before the experiment. Thc.se findings may 
. bcariu" on conditions in the Innnan patient sun’ering from burns 
Z‘ except during the early morning hours, the human being is in 
uhasc of digestion, and becau.se the human imtieiit with 
of nnid by or by rlyHir, 

burn.s usm . Piereased volumes of secretion following burns ob- 
Concmmmg ,„„sider that the forceful con- 

served in may srpieeze Iluid out of the glandular diiet.s 

fractions o ic * Iion-evnr, tJiaf nlont' 

and pockets 0 J ^ , lar"*' ^'»lnnu*s and eonfinned sKTPtinn a*^ 

can bo .wpobiol'"', tor M'ej J- 

followed tbc burn m histamine or a related eompoiind '■* 

Fvidence is nceiimu ■ dogs, and other animaK under tlm 

liberated in the skin 01 hnma I 
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influence of thermal trauma.^-’ It may be that under conditions 
not knon-n as yet, the absorption of this substance may Tary,=^ or that 
deeper burns may destroy it. Tlie rectal temperature of the dogs was 
not changed materially following burns. In most animals the legs and 
thighs were burned, in some the lower part of the back, and in one a 
superficial burn of the skin of the body was added. We do not believe 
that the intensity and duration of the burns were sufficient to raise 
intra-abdominal temperature and thus affect secretions.' A raised intra- 
abdominal temperature would tend to increase biliary secretion in 
anesthetized dogs.'* 

The increase in ga.strie motility following a burn cannot be attributed 
to histamine or like substances for the following reasons: Histamine 
has little or no effect on gastric motility and the response of the stomach 
to liistamine is not abolished by relatively small doses of atropine. The 
prompt depressing effect of atropine on gastric motility in our burn ex- 
periments points to the presence of compounds of the nature of aeefyl- 
choline. These may be liberated by burns, or, more probably, the 
acetylcholine-splitting esterase may be inhibited following a bum. 
Acetylcholine injected either continuously or in repeated doses is able 
to elicit gastric secretion as well as motility,''- =' and it is possible 
that both gastric secretion and motility may be largely stimulated by 
that one compound. The simultaneous decrease in stimulated salivarj- 
(e.xcept in one experiment) and pancreatic secretions and the increase 
in gastric secretion following burns cannot be explained at the present 
time. We are aware of other observations on shock or diminished blood 
volume which describe decreased blood flow through the submaxillary 
gland," vasoconstriction of abdominal organs, varjdng degi-ees of 
capillaiy resistance in different organs,'® and varying blood flow through 
different organs or parts of the body.'® Tliese observations are not 
nece.ssarily opposed to our findings, since in our experiments a state of 
activity of the stomach was evident, and because biogenic compounds 
can act selectively on different organs. Further studies on this problem 
arc in progi-css. 

Our observations on decreased salivary, biliaiy, and pancreatic secre- 
tions following burns and observations of a considerable increase of 
gastric secretion and motility together with increased intra-abdominal 
pre.ssurc throw some light on the pathogenesis of Curling's ulcer. Al- 
though this type of ulcer becomes clinically apparent much later after 
the burn, it can be assumed that the local acute pathology begins to 
develop much earlier. 

SUMM.VRY 

The efteets of burns on ga.stroinfestinal .secretion and motility were 
studied in anesthetized dogs. Salivary, biliary, and pancreatic seere- 
tinns dmunished, with the e.xception of one e.xperiment in 
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uiiicfi n iiicn'ji''C in Malivnry .sccictinn was obsci’vtsi. fJasfric 

s!'(‘i I'tioii and aciility incica^.cd in a ninnla'r of ( xporiinonl.s follow 
a Imin. In one of tlicsi' animals a jtrcijyloi-ic nicer was found. In- 
crcas(‘(l \oInmc tif yasliic secretion seemed to <Ief)end on infusions, and 
ineieased aeiilily seemetl to l)e related to infusions and inevioiis feedin*^ 
of the aidnials. 

A eonsidei'.d)le increase in inlra-alidomiind piessnre and of gastric 
motility was oiisi'rved followiiii: imrns: tin' lattei' was jtarticularly strong 
in the pyloric antrum and heuan immediately after starting of the bum. 
.'section of the splanchnic nerves and of the vaui, or of both, did not 
diminish or aholish gastiic motility following burns. Section of the vagi 
seemeil to enhance tlie gastric motor resjionse to a burn. Tlic intra- 
venous injection of aliopine sulfate abolishcil tlie motility of the stomach 
following a burn. Tlie relation of the above findings to (Jurling’.s ulcer 
are discussed. 
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JIntMAN Kaiiat, IMi.I).,' ASM) Kavmoni) F. ]Ii;din', 
lino Wisa, Misx. 

( /'rntit till' Ii\tirstnli' lUinir ai\il thr .liitltrson Institute for llioloiiictit Jtcsenrch, 
Hat 71‘iiif;, .l/init., untl the Hepartninit of J’hysiotopil, Vniirrsil;/ 
of itinnesotn, Minneapolis, Minn.) 

A NUMHKR of invostipiiliinis liavo been carried out lo study tiie 
sifiuifienTicc of nfforcuf nerve impulses in the etiolofry of trau- 
mnlic shock. Crilc' earl.v pointed out the imporfanee of a nervous 
factor in slmek. O’SIuiutrhnessy and Slome- presented convincin'; evi- 
dence lliat afferent nerve impulses from a traumatized limb play an 
important role in the itroduetion of .shock. Lorber, Kahat, and 'Wcite'' 
confirmed the observation that shock occurs followiii'i trauma to an 
extremity disconnected from the body e.xcciit for tbe main nerve trunks. 
Freedman and Kabat^ shomed that de.spite limited fluid loss, trauma 
results in shock, and further, that the fall in blood prc-ssure can be 
prevented by preliminary transection of the lumbar spinal cord. In 
human abdominal surgery, Volpitto, "Woodbury, and Hamilton® found 
evidence in arterial pulse curves for a neurogenic type of .shock. 

While evidence has been accunudating concerning the importance 
of flic nervous factor in traumatic shock, no analysis of the nervous 
influence in burn shock has been made. Thus, Wilson,® in a recent 
review (]!141), states: ‘‘Whether noxious nerve impulses from the in- 
jured area play any part in initiating or perpetuating secondary shock 
of burns is unknown.” The purpose of the present investigation is to 
study the significance of a nervous factor in shock following burns. 

METHODS 


Observations were made on 83 adult cats of both sexes, anesthetized 
udth pentobarbital sodium administered intraperitoneally in doses of 
35 mg. per kilogram. 


Additional barbiturate was given at intervals 


° n level of anesthesia that the cat was relaxed, the 

to maintain sucu ^ 

cor 


1 reflex absent, but the lid closure reflex in response to touchin 
f • .]ii)orhood of the inner canthiis remained active. The 


the skin in the neig i j 

Lfhesia was maintained as long as the animal survived. 
ancsLiii. ■ experiments, blood pressure was recorded from a 

In one ....otid artery by means of a mercury manometer, 5 per 

cannula in ^ ^.,f. ti,c anticoagulant. The artery was 

ocnl sodniin _eept when a blood 


occluded by means 
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of a clamp except when a blood pressure reading 
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was taken tAVo to tkree times per hour. In these experiments, the 
trachea ivas caminlated. In another series of experiments, no surgery 
was performed on the neck. 

The hum, confined to the skin of one hindlimb, was produced by 
means of a Bunsen flame. In some experiments, the leg ivas burned 
for ten minutes, in other experiments for fifteen minutes. 

The saphenous vein of the normal hindlimb was exposed and all 
blood samples were drawn from this vein by needle puncture. For 
hemoglobin determinations, 20 c.mm. of blood was drawm into a pipette, 
diluted with 8 c.e. of 0.1 N hydrochloric acid and the hemoglobin con- 
centration read in a colorimeter. For determination of specific gravity 
of the blood, 0.0001 e.e. of heparin (Connaught, 1,000 units per c.e.) 
was placed in the bottom of a small test tube and evaporated to dry- 
ness by slight warming. This delayed clotting and facilitated the de- 
termination of specific gravity. Fifty cubic millimeters of venous blood 
ivas mixed wdth the dry heparin and specific gravity measured by 
means of the falling-drop apparatus," two determinations being made 
on each sample of blood. 

In approximately one-half of the animals, afferent impulses from the 
burned limb were prevented from reaching the brain by preliminary 
transection of the spinal cord, performed -without aseptic precautions, 
usually thii’ty minutes before burning. In some animals, the spinal 
cord Avas cut at the first lumbar segment, in others at the eleventh 
thoracic segment. It is recognized that such cord transection has 
effects other than simple limb denervation, but it is believed that the 
latter is the most important consequence. 

At the termination of the experiment, either followdng death or 
sacrifice of the animal, the thoracic and abdominal organs were ex- 
amined grossly. The hind quarters ivere carefully separated^ in the 
midline and weighed, the difference in limb iveights being taken as a 
measure of the local loss of fluid in the area of the burn. 

RESULTS 

I. Blood Pressure . — The average initial arterial pressure in 14 con- 
trol eats was 120 mm. Ilg. Within several minutes of initiation of 
thermal trauma, blood pressure had risen abruptly 40 mm. Ilg (Pig. 1 ) . 
During and immediately following the burn the heart rate tended to 
.slow considerably, the pulse pressure increased, and the blood pre.s.sure 
tended to show sharp variations from minute to minute. Seveml min- 
utes after tlie burn, the heart rale became I'apid and regular and re- 
mained so throughout the experiment. The increased blood pressure 
was maintained for many hour.s, declining gradually to reach the oi-ig- 
inal level at ten hours. 

The average initial blood pres.surc in 14 .spinal cats was 01 nun. llg. 
During the period of the burn, in contrast to the experiments on nor- 
mal eats, the arterial pressure fell sharply, an average of more than 
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• !(l mill. Its; as ,sii(i\vii in I‘’is,>. I. I)iiriii^ anil ininifdiaffly follmviti" 
tliciiiial Iriniimi, tlic iii'ju't l)i'<'tuii(’ irn’^rtiliir, ami .slnwci] in avcrv (.'a.so, 
till' axi'rauc iii'arl I'liti' imli’il at llu' tiTiiiinaliiin i»t iIh- Inii'ii hi'inir 91 
iicafs per iiiinntf (:>l to IliH). Williin live to ton iniiuitc.s after rcssn- 
tion III ilicrnuil trainmi. the heart hceaiiie ami remained rapid and 
retinlar. Tiie hlood jin'Ssiire rose <:raduallv- to the initial level in one 
and onedialf hours and did not fall mneh helow tliis level diirinp the 
))eriod of observation. 



pj.. 1 Cli:inK>'.i III aili'il.'il )iro.‘f.«urc rc.niItliiK from buiii.s In control and spinal caLs. 

"■ ■ .VII polnt.s arc aveiapo values. 


II. JJ anofjlohin . — In 24 eontrol cats, the initial hcniooflobiu was 9.G9 
Gin. per 300 e.c. of blood. Hemoglobin increased sharph- as a result 
of the burn ; at thirty minutes the lilood bad concentrated 34.5 per cent 
(Fisr. 2). After this initial hemoconeentration, hemoglobin continued 


to rise sloM’ly, reaching a maximal increase of 44 per cent at eight 
hours. Hemoglobin determinations in 5 cats at twenty-six hours after 
the burn showed a fall of 25 per cent below the peak value. 

The initial hemoglobin averaged 9.96 Gm. per 100 c.c. of blood in 25 
sninal eats. Hemoglobin increased much less rapidly as a result of 
imriis in spinal animals (Fig. 2). At thirty minutes, liemoconcentra- 
tion reached a value of only 14.5 per cent and then increased gradually 
■each a maximum of 32 per cent at seven hours. Hemoeoncentra- 

r t-icmitv-three hours after thermal trauma was 4.1 per cent 
tion in o cats mcin.- 

below the peak value. , , . , • . i i 

•I'crl ehaime in hemoglobin during the same period was noted 
Iso niai^ which were not subjected to thermal trauma (Pig. 

in spinol ann these experiments, the average hemoconeentra- 

tion was 9 per cent. 
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III. Specific Gravity of Blood.— The average initial specific gravity of 
whole venous blood in 24 eats measured by the falling-drop technique, 
using the heparin method described above, was 1.0471. 

The shai-p initial rise in specific gravity following thermal trauma 
in control cats and the slight further increase with time are shown in 
Pig. 3. The specific gravity of the blood increased an average of 0.0106 
within twenty minutes after the burn and attained a maximal increase 
of 0.0127 at three hours. After a longer interval, the specific gravity 
tended to decrease considerably, falling at twenty-five hours to an aver- 
age of 0.0066 below the peak value in several experiments. 

do 

1 ^ % 3 4 5 7 8 

Time in tiours 

Fig, 2. — Percentage increase in concentration of the blood re.suUing from burns as 
denion.strated by liemogiobin determinations in control and spinal cat.s. All points are 
average values. 



The blood concentrated moi-e slowly and to a lesser extent following 
burns in 13 spinal eats (Fig. 3). Specific gravity increased only 0.0027 
at twenty minutes and attained a maximal rise of 0.0066 at four liours. 
At twenty-four hours, the specific gravity was found to be 0.0003 be- 
low the maximum. 

IV. Bespiration . — The changes in respiratory rate resulting from 
burns in 14 control cats are .shown in Fig. 4. The rate of re.spiration 
rose sharply dining burning, and continued to rise for some time after- 
ward, reaching a maximum of 36 per minute at two hours. Even at 
si.x hours, however, the respiratory rate averaged 29.,5 per minute, con- 
siderably above the initial value. 

In 12 experiments on spinal animals, the rc.spiratory rate showed a 
greater rise following burns than in cats with the spinal cord intact 
(I’ig. 4). Ke.spiralory rate rose within fifteen minutes after initiation 
of thermal trauma to 42 per minute. The maximal rc.spiratory rate of 
47 per minute was noted at two hours, following which the rate of 
respiration declined. 
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30 linn. Hg as .sllo^^’n in 1. Diu'ing and immediately following 
thermal trauma, tlie heart became irregular, and sloAved in every case, 
the average heart rate noted at the termination of the burn being 91 
beats per minute (54 to 128). Within five to ten minutes after cessa- 
tion of thermal trauma, the heart became and remained rapid and 
regular. The blood pressure rose gradually to the initial level in one 
and one-half hours and did not fall much below this level during the 
period of observation. 



1 Changes in arteiial pressure resulting from burns in control and spinal oats. 

' Aii points are average values. 


II. Hemoglohin . — In 24 control cats, the initial hemoglobin was 9.69 
Gm. per 100 e.c. of blood. Hemoglobin increased sharply as a result 
of the burn ; at thirtj^ minutes the blood had concentrated 34.5 per cent 
(Fig 2). After this inilial hcmoconcciitrafion, hemoglobin continued 
to rise sloivly, reaching a maximal increase of 44 per cent at eight 
hours Hemoglobin determinations in 5 cats at twenty-si.x hours after 
the burn showed a fall of 25 per cent below the peak value. 


The initial hemoglobin averaged 9.96 Gm. per 100 e.e. of blood in 25 

. 1 Hemoglobin increased imich le.ss rapidly as ii result of 

burns in spinal animals (Fig. 2). At thirty minutes, hemoconcentra- 

•eached a value of only 14.5 per cent and then increased gradually 

^ 1 maximum of 32 per cent at seven hour.s. iremoconcenti'a- 

to reac 1 entv-three hour.s after thermal trauma was 4.1 per cent 

tmn m 5 cats ineui. 

below the peak value. ^ 

n A clmwe in hemoglobin during the same period was noted 
No mar vC ^'\.]iich were not siib.ieeted to thermal trauma (Fig. 

in spinal jlicse experiment.s, the average hemoeoneentra- 

tion was 9 per cent. 
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and 20.6 pei* cent if one considers the median values. There is thus a 
possible small increase in survival after cord transection 

Of special interest is the fact that a number of animals died during 
or immediately after burning: 9.3 per cent of all control cats and 6.9 
per cent of the spinal cats. In all of these cases the re.spiration stopped 
suddenly during the burn, the heart was slow and irregular, and arti- 
ficial respiration did not result in recovery, although the heart con- 
tinued to beat for some time. The blood pressure w'as very low at the 
time respiration stopped in spinal animals. The local fluid loss in 
the burned limb averaged 1.15 per cent of the body weight, and hemo- 
globin was only 5 per cent above the initial level at the time of death. 
In one instance, respiration stopped during thermal trauma and after 
removal of the flame for one minute, spontaneous re.spiration was re- 
sumed; continuation of the burn for a total of fifteen minutes did not 
cause a further crisis and the animal survived for ten hours. 



Kjj:, In t fs; iratory rat^s followincr burns m control and cat?!. All 

points an* avonijro values. 

^'II. Locul Fluid Loss . — Tiic average local fluid lo.ss in the burned 
limb in 14 control eats was 2.5 per cent of the body weight. The aver- 
age maxima! itemogiohiu increase was 45 per cent. Tlic local fluid lo.ss 
did not correlate very clo.sely with survival time or hemoglobin con- 
centration. Tn 10 cals sacrificctl at an average linn* of foiii'teen ami 
one-tenth hours following the imni (six and one-half to thirty-four 
hoursl. the local fluid lo.ss was 2.9 i)er cent of flic body weight and the 
average maximal hemoglohin inerea.se wa.s 42.4 per cent. On the other 
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V. Temperature . — The rectal temperature before the burn averaged 
!)8° h\ in 29 control cats. The average increase in body temperature 
recorded immediately after the burn Avas 4.2° F. The temperature 
l)egan to fall soon after thermal trauma Avas terminated and continued 
to fall progressively. 

In 30 spinal cats, body temperatui-e averaged 97° F. before the burn 
Avith a range from 92 to 100° F. Immediately after thermal trauma, 
the rectal temperature increased an aA'erage of 4.2° F. to 101.2° F. 
(92.6 to 110° F.). 



q TTemoconceiitration following burns as demonstrated by measurements of 
ti » soecmc gravity of the blood by the falling drop technique m contiol and spinal 
cats. All points are aveiage values. 


VI Surviual.—The extreme varialiility of survival time after burn- 
ing has made a quantitative study of the effect of spinal transection 
difficult Survival Avas studied in selected cats in Avhich blood pressure 
not recorded and no surgery Avas performed on the neck. Also, 
which died acutely Avithin one hour of burning Avere not con- 
lered in the analysis of survival. In all of these experiments, one 
, oc hiirned for fifteen minutes. In 24 normal cats, siuwival 
and one-half to eighty hours. The average survival in 
ranged tbirtv tAVO and one-half hours and the median survival 

this series Avas ^ sninal cord transected at the 

the burn Avas 


this series ‘ spinal cord trans 

thirty-four loius.^^ the average survival following 1 

eleventh tl • forty-one liour.s, and the range was ten to 

forty hours, apparent im-reasod .survival following burns 

seventy-five hours. ‘ c-on.sider.s the average values 

the spinal cats Avas 23.1 pel 
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Tabbe I 


Gross Pat}ioi.oo\' of ExpEBiiiEXTAB Bvp.xs 



SPIXAIa 

couo ! 

IXTACT 
(38 CATS) 

SPIXAL 

CORD 

tbaxsectex> 
(35 CAT55) 

ACUTE 
i llEXTBS 

(5 CATS) 

Lungs ! 

Slight congestion 

31% 

63% 

: 40% 


» r •. 1 j * 

13% 

ll%e 

tiOVfc 


• • 

16% 

11%: 

; 20% 


Total congestion 


85% 

1 100%, 

Kidneys 

Slight congestion 

16% 


20%, 




37%, 



• • . 

34%. 




Total congestion 

60% 

77% 


Urinan' 

Urine 




bladder 

Normal 

21% 

22%e 

100% 


Bloody 

79%. 

78% 



.Submucous hemorrliage in bladder 

10% 

30%, j 


Heart 

Subendocardial iiemorrliage left 


1 



ventricle 





Slight 

16.0% 

28%, 

20%, 


^toderatc 

2.0% 

14%, ! 



itarked 

16.0% 

11% 

20%, 


Total 

34.0%; 

33% 

4070 


Clot in riglit ventricle 

30.0% 

31% 



Clot in left ventricle 

8.0% 

11%, 



Bloodv pericardial fluid 

2.6% 

2.8%, 

■MH 


Clear pericardial fluid 


2.8%, 


Stomach 

Sulimucous hemorrliage, pylorus 

.8.0% 

2.8%, 


and 

Hemorrhage and ulcer, pylorus 

2.6% 

5.6% 


duodenum 

Ulcer, pylorus 





Submucous hemorrliage. 

10.0% 

5.6%, 

20%: 


duodenum 





Ulcer, duodenum 

2.0% 

2.8%- 



Total 

23.2% 

27.8% 


Adrenals 

Hemorrhage 

16.0% 




Congestion 

2.0% 



Liver 

Punctate liemorrhages 

0 




DISCUSSION 

Despite the fact that one of the estahlishe<l pi-ocodvu'cs in the therapy 
of elinieal burns is the administration of morphine for the relief of 
pain, very little attention has been paid to the role of a nervous factor 
in shock following thermal trauma. In his review on burns, Harkins' 
declared: “A purely nervous theory of causation of shock and death 
in burns is not generally held. This is rpiite contrary to the case with 
traumatic .shock in general where many workers support a purely 
nervous theory.” Wilson" noted that nothing is known about the in- 
fluence of noxious nerve impulses in burn shock. However, the gen- 
eral clinical impression has been that relief of pain in burns is of value 
in combating siiock.'* 

The only previous experimental stiuly of a nervous factor in burns 
was reported in ISoS by Brown-Sc<jnard.’" He stated in a leetnre in 
hngland; ‘‘In two ases. on anini'ds in wbieli tlie trunks of the sciatic 
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hand, in 4 cats which died from the burn in an average of ten and two- 
tenths hours (one to twenty-one horrrs), local fluid loss was 1.6 per cent 
of the body weight and the maximal hemoglobin increase was 55 per 
cent. 

Local fluid loss in the burned limb was 1.5 per cent of the body weight 
in 14 spinal cats and the maximal hemoglobin increase 25 per cent. 
Seven of these cats, Avhich were sacrificed in an average of nineteen 
hours (eleven to thirty hours) had a local fluid loss of 2.2 per cent, 
and a maximal hemoglobin increase of 24 per cent. In 7 other cats 
which died from the burn in an average of ten and six-tenths hours 
(ten minutes to sixteen houi’s), the local fluid loss was only 0.96 per 
cent, while the maximal hemoglobin increase was 26 per cent. 


yill. Pathology . — Observations on gross pathology rvere made after 
burns on 38 control cats and 35 spinal cats. In the bui’ned hindlimb, 
the skin was contracted, dry and leathery, and split in one or more 
places. The subcutaneous tissue was markedly edematous, The super- 
ficial veins were all thrombosed and contained a dark bz’own, semisolid 
coagulum. 

The data on pathology of the internal organs are summarized in 
Table I. It is note-worthy that a greater percentage of the spinal cats 
show'ed pathologic changes in the lungs, kidneys, urinary bladder, 
heart, stomach and duodenum, and liver. The lesions were, however, 
no more severe in the spinal animals. As will be evident from the 
table, most of the cats shozved pulmonary and renal congestion and 
dark, bloody bladder urine. Other frequent lesions were subendo- 
cardial hemorrhages in the left ventricle, clots in the right ventricle, 
and acute hemoiThage or ulceration in the pylorus or duodenum. The 
liver was not infreqzzently discolored', soft and friable; the spleen large, 
dark purple, and congested. In a mini her of cases, the myocardium 
had a Auolet tinge and appeared to be degenerating. In several cats, 
the anterioz' mediastinum was heinozubagic. 

Emphasis should be placed on the fact that pei-icardial ciTnsion zvns 
a vevv infrequent finding. Pleural clTusion or ascites was never ob- 
served in any of the animals. The intcstine.s wci-e not cclcmatou.s, eon- 
o-ested or distended with fluid and in most instances appeared quite 
^ rmal The low^ incidence of adrenal pathology is also worthy of 


mention. 


5 cats which died aentely during or immediately following thermal 
1 .La the pathology is listed in Table I. All .showed pulmonary con- 
tiaum^ , \ marked congestion. The zinne was noz-mnl, 

gestion; ^fCcctcd. The spieen zva.s lar-ge, dark, and congested, 

the kidneys i cardiac pathology. In 2 instances, the hrain 

There was a goo there was no pathology to aeeoiinf for tlie 

was carefully examined imt tncic 

,udden arrest of respiz-atmn. 
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from two to five liovu-.s after the burn in the spinal cat, tliere must be 
a nonnervous pressor influence during this period Avhich contributes 
to the sustained rise in blood pressure in the normal animal. The close 
correspondence of the general directions of the arterial pressure curves 
of normal and spinal animals after the first liour following burns is 
also of interest (Fig. 1). 

The most interesting effect of elimination of the neiwous factor in 
bin ns is the mai'hed decrease in hemoconcentration demonstrable by 
both hemoglobin and blood specific gravity measurements. Hemocon- 
eentration is considerably less and also increases more slowly in buimed 
spinal cats (Figs. 2 and 3). Local fluid loss in the burned area is also 
less in .spinal animals. The increased hemoconcentration resulting 
from the nervous factor may perhaps be accounted for by the higher 
arterial pressure, reflex contraction of the spleen, vasoconstriction, and 
adrenalin secretion. The influence of a I’eflex rise in arterial pressure 
on blood ^olume is negligible in normal animals, as shown by Gregei'- 
son,” hut may he gi'eater in burns due to the capillaiy injui’y. A higher 
filtration pressure would explain the greater local fluid loss in the 
burned animal with intact spinal cord. Animals with the spinal cord 
transected at the eleventh thoracic segment and no burns .showed a 
negligible and very gradual hemoconcentration (Fig. 2). Treat*'* has 
demonstrated that acute transection of the spinal cord at the eighth 
cervical segment in eats, with a fall in blood pressure of 40 per cent, 
resulted in an increase of plasma volume of only 5 per cent Contrac- 
tion of the spleen is probably also important in exaggerating the hemo- 
concentration following Inirns in control animals. Keeley, Gibson, and 
Pijoan” reported increases of circulating erythrocyte volumes of 59.5, 
24 6, and 22 3 per cent in normal dogs, and decreases of 27.8, 13.1, and 
7 8 per cent in splencctomized dog.s, as a result of extensive burns, 
'riiere was also a smaller rise in hemoglobin in the splencctomized dogs. 
On the other hand, they reported a greater decrease of plasma volume 
and of total blood volume in the burned splcnectomizcd animals. 

While the surxival time following the burn was apparently increased 
slightly by prelniiinai j spinal transection, one eannot be certain that 
tins Is a \alid conclusion, eousidcring the extreme \aiiafion in the 
suv\i\al data 

CONCLUSIONS 

1 i.U In control eats, thermal trauma results in an immediate rise 
.11 blood pressure which is sustained for many hours, (b) In spinal 
.inmuils. there is a temporary fall in blood piessure followed by a 
lesser rise ns a result of the burn 

2 1 temoeoiii-ent I atioii following a burn is h ss in s])inal animals. 

.1 Spinal tiaiiscclmn decreases local tlnid loss in the aie,i of the burn. 

4 The increase in lesiiii.itoi j late rcsnltinc: from the biiin is vi cater 
in spinal anumds 
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and crural nerves in one limb had been divided as high as possible, 
I have not found a state of marleed congestion in any viscus, three 
days after I had carbonized this limb from the toes to the middle of 
the thigh.” He also found an absence of visceral pathology following 
burns of one leg in animals in which the spinal cord had been divided 
at the third or fourth lumbar segment. On the other hand, visceral 
congestion was observed following burns in animals with the spinal 
cord transected at the third thoracic segment. “From these experi- 
ments and the preceding, it results that it is, in a great measure, by 
a reflex action of the spinal cord, that bums produce their deadly 
influence on the viscera.” BroAvn-Sequard also recognized the impor- 
tance of other factors : “Of course, it is not by reflex action only that 

some of the phenomena mentioned in this lecture are produced 

In a case of extensive burns, for instance, there are several circum- 
stances Avhieh contribute to the production of the Ausceral altera- 
tions ” 

In the present study, it has been possible to demonstrate a nervous 
factor in burn shock even under surgical barbiturate anesthesia. The 
type of experimental procedure employed necessitated the use of sur- 
gical anesthesia in this investigation. "While it is difficult to predict 
the exact significance of the neiwous factor in the unanesthetized ani- 
mal, it is probable that afferent nerve impulses exert a more potent 
influence under those conditions. While the nervous factor may not 
be the major factor in determining a lethal outcome, it nevertheless 
plays a- significant eontributoiT- role in the shock Avhich follows thermal 


trauma. 

Transection of the spinal cord at the first lumbar segment effectively 
prevents the initial and to some extent the sustained rise in blood pres- 
sure Avhich results from thermal trauma. Since practically the entire 
sympathetic vasomotor pathway remains intact when the spinal cord 
■ dhdded at this level, spinal transection must eliminate the rise in 
arterial pressure by cutting off afferent nerve impulses from the burned 
'^rea presumably activating the sympatheticoadrenal sj-stem. It is 
tCAVorthy that stimulation of superficial nerve endings in the hind- 
b by a bum produces a reflex rise in arterial pressure, Avhile stimii- 
• ^f the nerve endings in deeper tissues by fractui-o of the long 
lation 0 ^ pressure." Since both pressor and depressor 

bones e large nerve trunks, one would expect on 

fibers run o ^d-ves that the opposing pressor and depre.ssor 

stimulation neutralize one another. These facts may 

influences v on ^ „£ many invc.stigators'" to produce shock by 

help to explain me ^ 

experimental arterial ]>rpssure during and following tliemial 

An initial .shaip animals; this fall is related to to.xic and /liiid 

trauma occurs m masked by the lu-cssor i-eflex. Since the 

loss factors and is o ‘ £],e original level during the period 

blood pvessin’C rises s g . 



HEBIORRHAGIC CYSTS OP THE LUNG.: REPORT OF TWO 
CASES IN WHICH SIARSUPIALIZATION WAS DONE 

Howard K, Gray, axd Ira C. Skixxer,® 3I.D., 
Rochester, Mink. 

(From the Division of Surgery, Mayo Clinic) 

F ONTANUS wrote to Cl. Pleinpiu-s, in 1C3S, the first recorded descrip- 
tion of a patient wJio had a presumed congenital cyst of the lung. 
This appeared in a report (He Pnlmonihus) by Thomas Bartholiniis of 
tlu'cc .such cases which were published in 1687 in j\Iaipighiu.s’ Opera 
mniiitt. Excerpts from tlic translation by Onghterson and Taffel arc 
very interesting ; 

“A new case, and a rare one in mankind, of a boy without the ordi- 
nary lung — a ease observed by N. Pontanus and favorably commented 
upon by oui'selves — amplj^ confirms the new observation of Jlalpigliius. 
. . . The four-year-old boy died, broiiglit to his end by marasmus. Out 
of interest in the matter I dissected the bodj’-, obseri'ing that the liver 
was above the ordinary size. It had an abscess near the vena cava, 
which was covered with pus all around about the humped portion; a 
spleen of good color, and unaffected; no omentum or at least none was 
readily visible. And strange to relate, there were no lungs, but in 
their place was a membranous vesicle filled rvith air. This vesicle was 
provided ivith small veins and arose from the rough artery [trachea] 
itself; the vesicle seemed to carry the cooling effect to the heart. 
Pontanus wrote this to Cl. Plempius on December 20, 1638. He in turn, 
in his answer of December 29, .iudged the membranous vesicle to have 
occupied the place of a lung, since it could receive outside air for cool- 
ing the heart by virtue of the fact that it started from the rough artery. 
But because it did not furnish enough air to the heart, and because the 
iieart could not easily enough be cleansed of its soot, the learned Plem- 
pius suspects tliat Iherefoi'c tlic youth fell into this marasmus, the heal 
of the heart being too inleii.se and almost burning up the body." 

Kooniz in 1925 called the attention of American physicians to the 
di.sea.se in question by liis review of 108 reports of cases colieetcd from 
the foreign literature, chiefly German. .Schcnck, in July of 1937, was 
able to gather a tot;il of 381 reports of cn.scs from the world literature 
on the subject. Wood"’ in August of the same year reported an addi- 
tional forty-eight eases in which the patients had been seen at the Mayo 
Clinic. Since that time numerous isolated reports of cases and groups 
of cases have ai)pearcd in various journals. 

ETIOEOOIC .VSI’ECTS 

The {ib.senrene.ss of the eau.se of cj'stic discsi.sc of the lung is indicated 
by the number of theoric.s evolved to e.viilain its geiie.sis. The scope of 

•ivtlnw In SiirKrry. tli" M.i.’io rouml.ntlon. 
for ptlWlr.itlc.n July :3, 1P^1. 
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5. There is no significant difference in A-isceral pathology in control 
and sioinal animals folloAving burns. 
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meet the ditferent problems that arise in such management. It is gen- 
erally agreed that those cysts which are accidentally discovered and 
which are producing no sjTnptoms require no treatment. The crises of 
dyspnea and cyanosis which occur among young children and infants as 
a result of large balloon cysts ma 3 ‘ necessitate repeated aspiration of 
air from the cj'st. Pearson has reported a case in which an 18-month- 
old child was cured by repeated a.spiration. Croswell and King have 
written of a patient who was benefited by repeated aspiration and, on 
one occasion, the injection of radiopaque oil into the cyst. 

idiller and Lillienthal have inserted one-waj' “flapper-valve” tubes 
through the thoracic wall in an effort to prevent the recurrence of in- 
creased pressure within the cj'st. Bronchoscopic aspiration followed b\* 
the in.jection of iodized oil has been beneficial to a few patients. Wood^® 
reported a ca.se in which a patient remained in good health for ten j-ears 
after thoracotomy and cauterization of the bronchial openings into the 
cj-st. Results of cauterization of the bronchus leading to the ej'st 
through the bronchoscope have been inconstant. Oughterson and Taffel 
think that this procedure is contraindicated, because it may only par- 
tiall.v occlude the bronchus and thus make the condition worse by pre- 
vention of the escape of trapped air from the cj'st. Thej* recommend 
introduction of a catheter into the e.v.st of which the walls have been 
previously scarified. Negative prc.s.surc is then established in the hope 
of re-expansion of the lung, which will adhere to the tlmracic wall. The 
treatment of choice in cystic disease of the lunc would of course be 
removal of the affected tissue. This may be accomplished by either 
lobectomy or excision of the cyst, llarrinutom successfully removed 
a cystic azygous loljc from the po.stcrior portion of the mediastinum, 
lie also rcportccT’ on a young married woman, 19 years old, from whom 
he removed a large intrathoracie cj'st which contained clotted blood. 
She remained well after this procedure. Raucrbruch was able to ex- 
tirpate the cyst or to perform lobcctomj' for six patients. One of these 
died of ])ost operative shock; the rest were cured. Lee and Harris found 
reports by Miller, Zdansltj', Melchior, Braeuning and Clairmont on pa- 
tients from whom .such ej'.sts were removed in toto with gratifying 
results. 

tVhen ])atients are encountered from whom removal of the c.vst is 
impossible, mavsutnalization may result in benefit. Elocsser operated 
on a male student, 20 veal’s old, who had suffered from what was 
tiiougbt to be chronic empyema for eleven years. At the first opera- 
tion multiple inleeted ey.sts of the left lower lobe of the lung were un- 
eaiiped and marMqiialized. At a .second operation a large air-containing 
and fluid-containing cyst of the upper lobe was drained. Tlie third 
io-ocedurc constituted remoral of the saemilatcd lower lobe. The pa- 
lieiit niadi- a good reco\er\ and, except f<ir ileielopnient of a minute 
broncliial fisluia. seemed well thereafter, although he did not gain 
weight. I he upper cystic ea\it\- reuiamed cmiity and produced no 
sr-mptoms. 
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llie present paper is too limited to enter into sneli an inquiry. Suffice 
it to say that cystic disease of the lung has heen attributed to congenital 
malformations, neoplastic changes, dilatation of the Ij'mpliatic vessels, 
congenital syphilis, congenital bronchiectasis, inflammation within the 
bronchi during intra-uterine development, bronchopneumonia, and other 
conditions. It is reasonable to siippose, -with Oughterson and Taffel, that 
pulmonary cysts are similar to cysts of other parenchymatous organs 
of the body and that, like such ej'-sts, they may be congenital, infec- 
tious, mechanical, or neoplastic in origin. 


SYMPTOMS 

Unfortunately, there are no symptoms which are characteristic of 
cysts of the lungs. Indeed, a large pulmonary cyst in many cases may 
be discovered only at post-mortem examination or on the occasion of 
routine roentgenologic examination of the thorax. However, most au- 
thors, such as Taylor, Wood,'®- Schenck, King and Harris and others, 
have agreed that among children and infants recurrent attacks of dysp- 
nea and cyanosis should make the physician suspect cystic disease of the 
luno-s. Among adult persons the disease usually is manifested because 
of some complication. If the cyst becomes infected (or if cysts become 
infected) fever, cough, and expectoration result. Rupture of an air 
cyst into the pleural space results in formation of the clinical picture 
of spontaneous pneumothorax. Cysts which have a valvelike meehanism 
may enlarge sufficiently to produce symptoms arising from compression 
and distortion of the mediastinal structures. Hemoptj-sis is a frequent 
s%Tnntom This symptom, together with the observation of cavitation 
in the thoracic roentgenogram, has led to the sending of many patients 
iuto a sanatorium with the diagnosis of “tuberculosis.” Three of Hen- 
..ell’s ei-ht patients gave as their chief symptom recurrent episodes of 
emontvsis Hemoptysis was a prominent symptom in fifty-two of 
381 reports of cases collected by Sclienck. 

diagnosis 

Tl.o di-mnosis of ey.stic di.sea.se of the lung can he made only after 
u Llorv roentgenologic study of the thorax has I.een made. In 
satislaei bronelioseopic examination, tlie injection of raclio- 

'^aquHil and performance of diagnostic pnciiinotliorax may he neces- 
sary. the extreme difficulty of distinguishing flnid- 

Wood’® ' (]) thoracic tumor, (2) pulmonary ah.sccs.s, (3) 

containing cys j,nd (S) ecliinococcus cyst. At limes the 

\ } fini(l-contanun*>: <*ysl jiikI a solifl fiiinor fan bf 

distinction between a nu 

;l;:de omy by explomtoi, 


llioracotoiny. 
TI!i:\T.Mr.NT 


The 
lung is 


t „f iKilienls who luive cystic disease of llic 
proper nianageinci ^..„.ious methods Jiavc been deviscri to 

extremely chffic»'‘ 
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(Fig. lA and S). These -nere thought to be indepenclent of the large resseb. Bron- 
choscopic examination revealed some degree of compression of the left lower lobe 
bronchus, caused apparently by an extrabronchial tumor mass. Tissue removed 
from this region was inflammatory in nature. Hesults of repeated examinations 
of sputum were entirely negative for tuberculosis, and the electrocardiogram dis- 
closed nothing abnormal. The urea measured 14 mg. per 100 c.e. of blood 
and the sedimentation rate was 21 mm. per hour. UrograpUically, there was no 
evidence of polycystic disease of the kidneys. The rest of the routine laboratory 
examinations, including the flocculation test for syphilis, gave negative results. 

A diagnosis of intrathoracie tumor of indeterminate nature was made and surgical 
exploration was advised. 



PiB 1 (Ca.se I). — Two larfie circumscribed sbadow.s involving the ere.ater part ot 
till’ li ft lunc and ttic li ft half ot tlie thoracic cavltv ; .1, anteropo.sb-nor view; JB. 
I’lti ( ill \ icu. 


On I’cliruarv 2(1, ISMO, thoracotomy was performed with the patient under the 
mtbiciice of anesthesia prixlnecd liy cyclopropane tidralnistercd intratrachcally. The 
ini-isioii was m.ade on the left, along the eiglith intorsp.ace postcrolatorally and 
extenibng below the angle of the scapula (Fig. 2.1). The eighth and ninth ribs 
were cut near their angles and an inci.sion was made lietwccn them into the plcunil 
cavitt. On opening ilie pleural space two large globular masses were seen (Fig. 
2/>’i. Tiicse were separated jntTtially from the parietal pleura with some difficulty. 
I he lower tumor seemed definitely eystic and a needle was inserted into it. Thin, 
tirown, Idoody material w.as obtained. The upper mass seemed to he more solid 
ill 1 onsistoncy anil the aspiration needle produced thick, lirown, cliocolatc-Iike in.a- 
terial Tlu“ ma“s was then iiicisi.d and approximately ddi) c.c. of the thick, chocolnte- 
lihc material was exacnated from it. It xxas found to be a cyst, the lining of 
wliiih was perfccilv sni„„tii_ The cyst was roughly round and x\n.s- approximately 
2(1 i-iii in diameter. Tt did not conmmnicate with the loxxor cyst; the lower cyst 
was therefore incised. The lower ev't eonlauied thin, seros.itignineous fluid, .and 
was approximatety the same an the suj>erior exst. It .simmed impossible to 

rem.ixe tiu-c structures lie.-ause they exideiitly arose in the substnnee of the lung. 
The lung itself was matkoiUy comprx'-sx'd mx'dially and auterixirly. Performance 
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Neuhof reported a case in wliicli a woman 30 years old was thought 
to have empyema. At operation a well-defined hemisplierie bulge of the 
right lower lobe was noted. On the assumption that this bulge w^as 
caused by an abscess of the lung, this part of the lobe was packed off 
from the remainder of the pleural cavity and the wound Avas packed. 
Pus obtained by aspiration proved to be sterile. At a second operation 
the lung Avas entered and a large amount of pus Avas evacuated from a 
smooth-AAmlled cyst AAdiicli communicated AAutli a bronclius. The cyst 
AAms lined Avith ciliated epithelium of bronchogenic character. Tlie 
postoperative course of the patient Avas satisfactory and at the time of 
Neuhof ’s report the cavit}' Avould hold only 10 to 15 c.c. of fluid. 

Adams and SAvanson recorded a ease in Avhieh a IS-A'ear-old Avoman 
had complained of a productive cough AAdiieli she said liad been present 
for five years. Roentgenologic study revealed a large fluid-containing 
and air-containing ej'st of the right huig. A tAvo-stage operation sim- 
ilar to the one previously described herein aa'os perfoianed. After drain- 
age of the ej’^st, the productive cough disappeared. HoAvever, if the 
external opening of the cyst became occluded the patient Avould again 
begin to cough. The cavity failed to decrease in size during the period 
of observation of this patient. 

We have tAVo cases of our oavii, involving cysts of the lung, Avhich Ave 
Avish to present herein. 


REPORT OF CASES 

Case l. — A man 34 .rears old registered at the AIa.ro Clinic on January ;U), 1040. 
He complained chiefly of dyspnea of scren months’ duration. In Jul.v, 1930, n-hilo 
sitting quietly in a theater, he had e.rperienced sudden severe substenial and epi- 
gastric pain associated with intense dyspnea. He had been rushed to a local hos- 
pital, Avhere thoracentesis was immediately done. Several hundred cubic centimctcr.s 
of bloody fluid were removed from the left hemithorax. After removal of thi.s 
fluid the marhed dyspnea subsided, but the patient failed to regain his former 
respiratory reserve. Further careful study revealed areas in the left part of the 
thorax which were interpreted as being aneurysmal sacs or neoplasms. In October, 
19.39 he was able to return to his work in a printing business, but he continued 
to e.xporiencc pain in the loft costovertebral region and began to cough up clots 
of old blood. This continued for six weeks. Ho remained dyspneic and the dyspnea 
Leurred after slight exertion. 

dew of this patient’s lii.story disclosed nothing of significance in relation 
t - except for the occurrence of an attack of “ideuri.sy” wlien he uns 
to liis 1 attack had consisted of .slight pain in the left portion of the 

UmraTwhich had inconvenienced him for only a short time. 

• ntion the patient was found to neigh 1.3S pounds (tii; kg.). IIis 
On cxamim pounds (GS kg.). The s.vstidic blood i.rossure was 1.39, 

normal ‘ ^ exprc 5 ‘'r«l in niillinipfcrs of mercury. A 

and the „iand was prc.sent. Idtten’s sign was absent on the left 

adenoma of the ^ region of dullness extending from the fourth thoracic 

and percussion reiea i thorax. Itrealli soands ncre decreased 

vertebra infcriorly on ' examination demonstrated iico large eireum- 

„,er this region. KO'''' f- ^ ..p,. ,,art of the left side of the ihoraeic eavily 
shadows involnng the great i 


scribed 
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flay, at which time he began to have a septic type of fever. At subsequent thora- 
centesis a collection of fluid was found anterolaterally on the left. The Strepto- 
coceux liaemolyticus and the Staphylococcus aureus were cultured from this fluid. 
The patient received fl-sulfanilamido-d-mcthylthiazole (sulfamcthylthiazole) with 
benefit. Examination, of the lower cystic cavity on the fourteenth postoperative 
day revealed a bronchial opening in the dci)ths of the cavity. Since the septic 
fever continued, it seemed necessary to institute open drainage of the empyema 
cavity. This was accomplished by removal of a portion of the fifth and sixth 
ribs, anterolaterally. The patient then began to improve rapidly and he was able 
to leave the hospital on the thirty-first postoperative day. Three month.s later his 
physician at his home reported that the patient was feeling well. The roentgeno- 
grams, which the patient hs physician was kind enough to send to us, showed con- 
siderable clearing of the c.xudatc and diminution of the pleuritis which had been 
present at the last time a roentgenogram had been made of the patient's thorax 
at the clinic. The right portion of the diaphragm was elevated by pleuritic ad- 
hesions. The cystic cavitie.s were somewhat decreased in size. 



Fie .1 ( f asc 1) — .Section of the wall of a hemorrhagic cyst of the lung. There 
Kim no .•itH’cmc lining to flits cyst. The wall was composed of inflammatory fibroins 
tlsnie, and the .‘uirfivcc Ma.s covered with blood Ihcmatoxylin and co.sln XI5). 

( S'.! d. .V man 0(5 yc-jrs old registered at the tdinie on .lamiary Ipn. He 
stiiie.l lliii! lie hud been aeceiited for military service on Decenihcr '27, 1010. While 
he was hunting a «eek later he was running fa.«t in a high, cold wind and the 
ne\i din hi- eoiiglied up hlood. He abo had some pain in the left shoulder. Since 
that lime he had been eoiiglimg up old blood and it had been nccesr.ary for him 
to sf-n in a local hos,,itaj for two weeks. He gate a hi.story of having Im’d pleurisy 
on tile left side lire .wars prior to his registration at tlie clinic. 

till exauuiiutiou he was found to haw a blood jires.siire of lll.j, .sy.stolic, and 
so, diiislobc, eipressed jn niillimetcrs of mercury. His temperature was 0 S.( 5 « p. 

bvtiaiinalion of his thorax showed ibe hrenth sounds to bo decreased 
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of pneumonectomy was consideied to be impossible because of tlie number of clen«c 
adhesions existing between the parietal and visceral pleura. It vas therefore de- 
cided to maisupialize the cystic caAities. They were made to communicate and 
the edges were brought up to the parietal pleura and attached throughout their 
circumference nith multiple interrupted catgut sutures to the soft tissues of the 
thoracic r^all (Fig. 2C). Approximately S cm. of the eighth and ninth ribs were 



it thi^ procedure (Fig. 2C). The rjvt,,. ear .lies uere then pa, ■he, I 
remored to permit i ^ „f the ej.-t wall was remureil for iiiieroseupic 

with petrolatum gaiirt. - heiiiorrhagie infhimmatorr ti““iic with depo 

evunination ami pr^ed o 1 

sition of hemOMdiTin ( ^ ex.-idlent eomlitioii an-I was immediately 

The patient was eniirsc was n<'t unusual until the fifth po“topcrntire 

,,,aeed in an oxygen tent. 
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in tlie upper part of the thorax on the left and there was marked dullness over 
the same area as far down as the third rib. A diagnosis of cyst of the lung had 
been made previously, elsewhere. 

Urinalysis disclosed a specific gravity of 1.010. The reaction was acid. Pyuria 
of grade 1 (on the basis of 1 to 4) was present. The content of hemoglobin was 
12.5 Gin. per 100 c.c. ; erythrocytes numbered 4,060,000, and leucocytes 9,000, per 
cubic millimeter of blood. A differential count gave the following results: Ijunpho- 
cytes 15.5, monocytes 6.0, neutrophils 76.0, eosinophils 2.0, and basophils, 0.5. 
Anteroposterior and . lateral roentgenograms of the thorax, made with a Buoky 
diaphragm, revealed a large, homogeueousl}’' dense tumor mass in the upper, pos- 
terior part of the thorax on the left, extending upward from just below the sixth 
rib to about the second rib (Pig. 4^4 and B). There was some erosion of the 
inferior margin of the fifth rib at the angle. The trachea was slightly displaced 
to the right. Eosults of Casoni tests for echinococcosis were negative. Eeaction 
of the complement fixation test for echinococcosis was negative. 



. fjiajjnosis of cyst of flic upper lobe of the left lung, uith secondary hcnioi- 
, ^ t),e erst was made. Surgical Ircatmcnt nas advi.«cd and the imlient 

Lt nncratioi^ on Jaiiuarj- 2S, 1941. A curred incmion was made .along 
under" ‘ ‘ j],p scapula, extending from nearly the upper bolder of tlie 

the me la , portions of the fourth ami fifth ribs were rennned near 

scapula we a cr. • ' incision wa- made in the fourth interspace and a 

their anges. . . 

large, l^ft l„„g was den-ely a 

of the left lu g- except in a very small region; it seemed to I 

could not be separa c - seemed that any nttcmiit to remove it wool 

tached medially and warranted. The a-jiirating needle was inserte 

have imposed more ris^ material wa- aspirated. It .seemed .advisalde to 

into the cyst, and dar , ' ,jnd hope that with re ex[raii«iim of the long 

drain the cyst, marsupiabre 


the .suhstnnee of the npiier portion 


be densely nt- 
inove it would 
■d 
lo 
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deep fascia in the legion of tlic stab wound. In this way, direct communication 
was establislied into the cystic structure laterally and anatomic closure of the 
original incision was made without drainage. Three large Penrose drains were 
left in the depths of tiie cavity of the cyst and a small portion of the edge of 
the cystic cavity was removed and sent to the laboratory for microscopic examina- 
tion. The pathologists reported the cyst wall to contain fibrous and fatty inflam- 
iiiatory tissue (Fig. 6). Culture of the contents of the lung cyst (brain broth 
was used as a niedimii) revealed no growth of organism, nor were organisms grown 
on blood agar. Carbolfuchsin stain of a smeared specimen revealed no acid-fast 
bacilli. 

The patient withstood the operative procedure well. On the eleventh postoperative 
daj' he was allowed to sit in a chair for limited periods daily; ho was afebrile 
and his general condition was excellent. Large quantities of black blood clot 
drained from the marsupialized region. 


COMMENT 


These cases tvere doubly intcre.sting to us because it was impossible to 
make a correct diagnosis without the performance of thoracotomy and 
because of the unusual nature of the pathologic le.sious found. In retro- 
spect, it seems likely that the sudden shock and dyspnea experienced 
by the first patient represented extensive hemorrhage into the cystic 
cavities. He had had liemoptysis on only one occasion. The bronchi 
communicating witli the cystic cavities nmst liavc become occluded and 
remained so until late in the patient’s postoperative course. Hcnnoll 
reported on a patient in whom a cyst containing blood Avas found at 
nec^■opsJ^ Harrington” was able to remove in its entirety a cyst, filled 
vith blood. Although these are the only snch cases of blood-filled cysts 
Avith AAdiich Ave arc familiar, it AA'oiild seem that such a complication 
Avould be a frequent one, the frequency of liemoptysis among patients 
AA'ho haA-e such cysts being indicative of the delicacy of the vc.ssels of 
the Avail of the cyst. The bronchi leading to the cyst frequently are 
distorted and tortuous, so that it is not surprising that in the cases 
reported herein they should have become occluded and failed to drain 

the evst properly. 

In the cases presented herein, it Avas hoped that by marsupialization 
f the AA'alls of the tAVO cysts the nninvolvcd portion of the left lung 
Lid be made to re-expand and obliterate the cystic cavities. 
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PARAVERTEBRAL THORACOPLASTY FOR THE TREATMENT 
OF PULMONARY TUBERCULOSIS 

A Report op 146 Cases With Follow-Up 


George C. Adie, Lester C. Huested, M.D., 

WiLiAAM G. Childress, M.D., and Horacio E. Perez, ]\r.D., 
Valhali^a, N. Y. 


T he object of this paper is to review Ihe iiialerial wliicli has been 
made available from the treatment of 146 eases of pulmonary 
tuberculosis by paravertebral thoracoplasty. This series consists of all 
patients operated upon by this method at Grasslands Hospital from 
February, 1932, through Julj% 1940. A complete follow-up is reported 
on all but three cases within the past six months. All three not followed 
were classified as arrested when last heard from. 

The procedures used to obtain collapse of pulmonary tissue by 
surgical means are less than thirty years old. Over these years marked 
improvement in technique has resulted in a lowering of the mortality 
rate and an increase in the number of cures. This is especially true 
during the last ten years in ivliich the most rajiid advances have been 
made. It can be said that certain factors, entering into selection of 
cases suitable for operation and having to deal with the treatment, arc 
now more or less agreed upon as uniform. 


When this work was first undertaken, the selection of cases for thoraco- 
plasty was accomplished by rather conventional requirements, but during 
the years this has been tempered by experience. In the Tuberculosis 
Division of Grasslands Hospital, comprising 275 adult beds, the number 
of eases of advanced disea.se is high, as in any similar institution, up- 
wards of 90 per cent. In the advanced disease group tlie basis for 
operative selection undoubtedly has been broadened, thereby giving 
certain cases a chance for surgical cure whicli might otherwise have 
been considered too far progrc.sscd for operation. In the main, we have 
insisted on adequate previous medical regimen, including minor col- 
hDse measures and evidence of productive elianges. We have l)cen 
• thcr liberal in evaluating contralateral involvement, laryngeal and 
Vnal disease, and upper age limit as contraindications for operation. 
"^F^V patient must have a satisfactory blood count and hemoglobin 
d if necc.ssary, blood transfusions are given to hifng these up 
level an , to start the operation at a time when the patient 

to norma . certainly when there has hc(>n no recent serious loss, 

is gaming conseientiously carried out vital caiiacity, circu- 

For se^cla - pre.ssure determinations, believing that a moi'c 

latiou time, am ' ^ patient ’s ability to withstand the ojierativc pro- 
accurate estima e o vital capacitv determinations have been 

cedure could be arrj%c c . 
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more or less in vogue for periods of a few year’s since about 1850. Its 
popularity has vacillated but it has been reruved, from time to time, by 
hopeful workers in the field of respiratory diseases, especially with the 
development of new surgical procedures, in which the test was thought 
to have prognostic bearing. During the 1920 s, when thoracoplasty be- 
came a more frequently used operation, the test again sprang into 
prominence. During the past few years douirt has agaiir arisen as to 
its real value and its limitations empha-sized. Tliis has resulted in more 
refined methods of functional cardiorespiratory determinations. Many 
clinie.s, including our own, are now encouraging more careful studies 
into functional respiratorj' reserve for patients considered for thoraco- 
plasty. We are encouraged by the information provided by broncho- 
spirometry and are equipping our clinic with apparatus for detailed 
studies by Dr. William A. Zavod. 

Because of the numerous factors involved in the determination of 
vital capacity, .such as loss or sain in weisht. cardiac disea.se, fluid or 
air in the chest cavity, the efi’cct.s of phrenic nerve interraption and 
emphysema, the accuracy of this te.st as a snide may be unreliable. 
Given two patients with similar clinical and x-ray findings, one often 
finds unde variations in the anticipated res-piratoiw reserve. We still 
use the tost because it does provide some information. We feel that 
the lower limit of vital capacity should be 40 per cent. Howevei’, if 
after removal of ribs it is thought that there will not be a harmful de- 
crease in the amount of good lung tissue, then we do not hesitate to 
proceed with a vital capacity of lc.ss. But. in general, patients until a 
reading of less than 40 per cent are apt to do poorly. The test is re- 
peated after each stage of the operation. 

In evaluating the results of venous prc'.sure estimations before opera- 
tion and between stages, we found no irrcat variations in the I’eadings. 
If it was observed that the venous pressure wa.s hitrli after any given 
static, we were inclined to wait a lontrer ititcrval before proceeding with 
tile next operation, as cmphasi-/ed by Oscrholt and Pilcher.’ Duriiur 
the past two yeais, tiie test has not been done routineli because the 
re.sults ai)t>arently did not .iustifv its use 

for several years the circulation lime was determined. This has also 
been abandoned as we came to the conclusion that no valuable help 
wies obtained in evaluating the surirical risk. We have depended, to a 
larse extent, on clinical .iudument and experience to estimate this part 
of the patient’s share in the prognosis. 


In "eiieral, tlie eojitraindications to operation arc adv.anccd contra- 
lateral disease, advanced intestinal and r< nai (lisca.se. lack of inherent 
abilit.v to form fibnisi.s or inadeijuatc functional icscrvc. 

tjcnenilly spiakiu". jialients operated upon bi us fail into croups 
of fasoralile. doubtful, and p<K,r risks We lia’.. conic to tlic conclasion 
that the followinc facfois make up tlic tin., cr.idcs for cwnhmtion of 
the risk : 



PARAVEKTEBRAL THORACOPLASTY FOR THE TREATMENT 
OP PULMONARY TUBERCULOSIS 
A Report op 146 Cases With Follow-Up 

George C. Adie, M.D., Lester C. Huested, M.D., 

William G. Childress,* M.D., and Horacio E. Perez,* IW.D., 
Valhalla, N. Y. 


T he olijeei of this paper is to review the material wliieh lias licon 
made available from the treatment of 146 cases of pulmomuy 
tuberculosis bj^ paravertebral thoracoplasty. This series consists of all 
patients operated upon by this method at Grasslands Hospital from 
February, 1932, through July, 1940. A complete follow-up is reported 
on all but three eases within the past six months. All three not followed 
- were classified as arrested when last heard from. 

The procedures used to obtain collapse of pulmonary tissue by 
surgical means are less than thirtj" years old. Over these years marked 
improvement in technique has resulted in a lowering of the mortality 
fate and an increase in the number of cures. This is especially true 
during the last ten years in which the most rapid advances have been 
made. It can be said that certain factors, entering into selection of 
cases suitable for operation and having to deal with the treatment, are 
now more or less agreed upon as uniform. 

When this work was first undertaken, the selection of cases for thoraco- 
plastj' was accomplished by rather conventional requirements, but during 
the years this has been tempered by experience. In the Tuberculosis 
Division of Grasslands Hospital, comprising 275 adult beds, the number 
of cases of advanced disease is high, as in any similar institution, up- 
wards of 90 per cent. In the advanced disease group tlie l)asis for 
operative selection undoulitedly has been Inoadcncd, thereby giving 
certain eases a chance for surgical cure which might otlierwise liavc 


been considered too far progre.ssed for operation. In the main, we have 
insisted on adequate previous medical regimen, including minor col- 
lapse mea.sures and evidence of productive clianges. We liave ])oen 
rather liberal in evaluating contralateral involvement, huyngeal and 
intestinal disease, and ui)pcr age limit as contraindications for operation. 

Each patient must have a .satisfactory blood count and licinoglobin 
level and if nccc.ssary, blood transfusions are given to bring tliese up 
to normal We prefer to start the operation at a time when the jiatient 
irciirht certainly when there has ijccn no recent sei-ious loss. 
For several years me con.scientioiisly cariaed out vital cajiacity, circii- 
time and venous prc.ssurc determinations, believing that a more 
lation I jjjg patient's ability to withstand the ojierative jiio- 

accuia e ■ „,.,.;vcd at. Yilal capacity delerniinations have been 

cedure could be aiii'cu 
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The role played by phrenic nerve paralysis as an aid in major collapse 
is, in our experience, a minor one. \\ e formerly used permanent 
interruption of the nerve for numerous accepted indications n-hicli, in 
the course of time, proved to be of cpiestionable %'alue and hence died 
a slow but certain death. Temporaiw nerve paralysis still has a place hut 
its indications have decreased and it is now used by us mainly to control 
hemorrhage or to give mechanical advantage to pneumothorax. Phrenic 
exeresis has never been done by us, the pioeedure being considered too 
hazardous. ^Vc believe that a functioning diaphragm will aid in clear- 
ing secretions from the lower lobes and maintain to a certain extent a 
more adequate function of the air-containing tis.sue in the uncollapsed 
portion of the lung. 

In this .series, preceding thoraeoplastj-, closed pneumonolysis was 
done in 23 instances and open pneumonolysis in 1. Extrapleural pneumo- 
thorax was done in 5 cases, in 2 instances in preparation for thoraco- 
plasty. In 3 cases the procedure alone proved to be a therapeutie failure. 
Apicolwsis was done in 4 of the series and oleothorax in 4. Pneumo- 
])eritoneum has been tried in 6 eases. 

(’avity .size vaued from 2 to 16 cm., the average for the entire grovip 
being 5 4 cm. Cavities were located on the right side in 77 and on the 
left in 69 instances. 

Forty-.six of the patients receiving thoracoplasty had clear fluid in 
the pleural space, msually complicating pneumothorax. Twenty-seven 
had frank tubeiculous empyema, 11 of whom had shown a mixed 
pyogenic mtection at one time or another. In 7 of these Inonchopleural 
fistulas wexe known to be present. 

Ancslhc.sia, in the early days, was somewhat of a problem, but never 
a .serious one. because the anesthetic staff at (Jrasslands Hospital ha.s 
been unifounly cajxahle during the years We have ]iassod tlu-ough 
the local anesthesia ixhase, tliiough the a\ertm gas and o\\gen combina- 
tion, the spinal for lower stages, the evipal plus cyelojxrojiane, and finally 
adopting the cxcloptopane with the iiUvatvachcal tuhe as the most 
salistactorx . from the iiatieiit’s as well as the .surgeon's stan<l])oint. The 
position ot the patient on the table is siieli that the head is lower than 
the ehest, the head of the table being turned down about 15 degiees 
tioiii the hoii/onlal Tins allows easy remoxal of seeietions from the 
tiaehi.i thiough aspiration by the aiiestiietist or e-Msiiie iToiit ihe mouth 
altei uraMt.itioii to the jiliarxiix. 

'liiiei liiindied and tweiitx -three staged operations weis' done and 15 
p.itient"- li.id. in .idditioii. one or mole supplementary operations. 

Miun this -.eiies Was stalled in 1932. the operation was ireipiently 
done iioin below up Tlie eomjdele lhoiaeo|)lastx was alwaxs done in 
time vtagis or iiioie We puffer to xxait about four xxeeks between 
M.igis. tins pi nod bung deteuumed bx the patient's leaelion and x-ray 
findings iioin films made about time or four xxeeks after anv gheu 
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Grade I 

a. Under 40 years of age 

b. Localized disease, stationary^ lesion 

c. Afebrile 

d. Gaining weight 

e. Adequate functional reserve 

f. Normal blood pressure 

g. Minimal concurrent disease 

Grade H 

a. Upper age group 

b. Stationary or slightly progressive lesion 

c. Contralateral disease which is stationary 

d. Moderate functional reserve 

e. Controlled empyema 

f. Without bronchopleural hstula 

g. Mild concurrent tuberculous disease 

Group III 

a. Upper age limit 

b. Acute lesion of any type 

c. Contralateral progressive disease 

d. Bronchopleural fistula 

e. Hypertension 

f. Extensive concurrent tuberculous disease 

g. Extensive fibrosis and emphysema with low functional reserve. 

Alexander- has pointed ont the disadvantages of sueli a e]as.sificalion, 
and on the tvliole, ive agree tvith him, but when faced with such a large 
group of advanced cases, where the outlook is not always good, we feel 
iustified in gauging our prognosis with established facts. 

Ill accordance with this classification, we find: favorable, 76; doubt- 
ful, 41; poor, 29. 

Racial analysis reveals that there were 119 juitienls of the white race, 
1 of the yellow race, and 26 negroes. 

Table I shows the scries according to age and sex. 


Taui.k I 
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7 
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;n-40 yr. 

41 -oO yr. 

11 

1 
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51 -(iO yr. 




-- ' 

S5 

r.i 

140 


qu , -cra^e lenvth of trcatnicnt prior to oiieriifion for tlic serie.s was 
‘ ' Piiciiinothorax hail proved lo, be iiti o[ieralive or 


about two (.a.ses. riirenic nerve ojieral ions were jierfornied 

therapeutic a' thoraeopla.sty and on 2 after operation. 


on 31 of the p 



ADIE KT Ar>. : PARA^■ERTEBRAI, THORACOPR \STY 


793 


months and genei’al improvement is in evidence. The patients are then 
placed on graduated exercise until one hour’s walking exercise twice a 
day or its equivalent is reached and improvement is such that the 
patient can be discharged as ai'rested. After discharge the patients 
arc returned to clinic for examination every three months during the 
first year and thereafter every six months or as indicated. All follow- 
up examinations include x-ray of the lungs and concentrated sputum 
examination, in addition to the routine interval history and plysical 
examination. Culture or guiirea pig studies arc now being done when 
sputum conversion is reported on concentration. 

Of the 146 patients operated upon, 100, or 68.4 per cent, are living 
and 46, or 31.6 per eent, are dead from all eauses. These deaths have 
occurred in a postoperative period ranging from one to eiglit years. 

Table 11 gives the analysis of results of thoracoplasty. 

Tadle II 


Rfsui.ts OnTAixr.i) in 14 (> Patifnt.s 


Arrested 




93 

(.65.7%) 

fjiving 


83 




Dead from otlioi 

causes than 





tuberculosis or 

operation 

8 




Imiiro\cd 



7 

( 4.8%) 

Uniinproiod 




s 

( 5.4%) 

Dead 




40 

(31.5%) 

Operative 


te 

( 8.2%) 



Progressico di'ca 

'•0 

25 

(■17.1%) 



Ollier cau'C'. 



{ '1.2%) 




.iVn analysis of tlie deaths according to agi' and sex is shown in 
Table III. 
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•! 
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17 
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Table 1\ gives tlic results by selective groups: 
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llw iiliM'iAations made cm this group of patients are csjiecially 
Milualilc, in our ojimion, beeausc <tf I lie almost (xunpletc follow-uji. Only 
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stage. In 3 instances, an unnsually long time between stages elapsed 
because of contralateral spread, hemorrhage, and unfavorable postopera- 
tive recovery. 

The first partial thoracoplastj’^ in this series was done in 1932 in two 
stages, and since 1934 the two-stage six or seven rib thoracoplasty from 
above down has predominated. The complete operation lias been done 
only eighteen times in the past four jmars. 

In 1936 we began to use cxtrafascial apicolysis as recommended l)y 
Semb.^ Since then it has been used in every ease where indicated. 
It is our feeling that more cavity closures have been obtained by use of 
tliis adjunct. The cavities, instead of Ireing compressed from above 
down against tlie mediastinum, appear to change their shape before 
closure as though tlie pressure were being applied from behind, laterally 
and above. Mobilization of the apex, especially’^ in the posterior gutter, 
allows the lobe to be pushed more anteriorly. This procedure lengthens 
the time of operation ten to twenty minutes, and requires a careful 
dissection to avoid injuiy to the nerves and the subclavian vein. We 
have had no injury to the subclavian vein, one minor injury to the ulnar 
division of the’ brachial plexus, as evidenced by pain for three months 
in the forearm and hand, and one ease of sympathetic nerve disturbance. 
In several patients, directly after apicolysis, we have observed a rise in 
temperature to 102 or 103°, symptoms of toxicity, and a decrease in 
expectoration. We have regarded this as caused by an obstruction to 
drainage of the cavity. This state pei'sists for a few days and ])roni])11y 
subsides when the contents of the obstructed cavity are evacuated. We 
do not feel that the ultimate closure of the cavity is affected by this 


episode. 

The complications encountered soon after operation were, in the main, 
spread of the disease locally or in tlie contralateral lung, pulmonary 
liemorrhage, severe dyspnea, and cardiac embaiTa.ssment. We have not 
seen a siimle case of meningitis or brain ab.seess as a complication. One 
patient developed a popliteal embolus wliicli required subsequent ampu- 
tation of the leg. Infection of the Avound in this gi'oup of api)roximately 
300 operations occurred as follows: 8 massive, 6 moderate, and 10 mild, 
in 4 cases chronic discharging sinuses persisted. All the infections 
were eveJitually controlled and no death Avas attributable to wound 


infection. . • c 

The late comidieations .Avere cbiclly progressive disease, reopening ol 

bronehoiileural fistulas, and in one ease, development of a broiieliopleiiral 
eiitaneoiis fistula. O.sl comyelitis of the riiis lias oeeiirred infrequently 
and has not iiersisted as a comidieatiiig factor. 

There is less cervical’ spinal deformity if the transverse processes of 
tlie first three vertebrae arc left long. 

\ftcr surgery avc lucfcr to keep the patients on strict bed rest until 
the sputum'has been repeatedly negative for a j.eriod of three to six 
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moiitlis and genei’al improvement is in evidence. The patients are then 
placed on graduated exercise until one hour’s walking exercise twice a 
day or its equivalent is reached and improvement is such that the 
patient can be discharged as arrested. After discharge the patients 
are returned to clinic for examination every three months during the 
first year and thereafter every six months or as indicated.. All follow- 
up examinations include x-ray of the lungs and concentrated sputum 
examination, in addition to tlie routine interval history and phj'sical 
examination. Culture or guinea pig studies are now being done when 
sputum conversion is reported on concentration. 

Of the 146 patients operated upon, 100, or 68.4 per cent, are living 
and 46, or 31.6 per cent, are dead from all causes. These deaths ha%'e 
occurred in a postoperative period ranging from one to eight years. 

Table II gives the analysis of results of thoracoplasty. 


Tabu; II 


Results Obtained in 146 Patiext.s 

Arrested 

93 

(63.7%) 

Living 

Dead from otlicr causes than 

85 


tuberculosis or operation 

8 

- 

Improved 

7 

( 4.8%) 

Unimproved 

s 

( 5.4%) 

Dead 

46 

(31.5%) 

Operative 

32 ( S.2%) 

Progressive disease 

25 (17.1%) 


Other causes 

9 ( 6.2%) 


An analy.sis of the deaths according 

to age and sex i.s .shown in 

Table III. 



Tabi.e III 
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Table IV gives the results by selective 

groups : 


Tabu IV 



Deatii.s Areor.DiNc 

to Ei.sii: 


( .\i.i. CArsn.s, One to Eight Yeabs) 


Favorable 

76 


Dead 

.3 ( 3.9%) 


Doubtful 

41 


D.>a<l 

20 (IS.8%3 


Poor 

29 


Dc.ad 

2.'! (79.3%) 



llie observations made on this group of j)atieuts are c.si)ecially 
valuable, in our opinion, because <5f the almost eomjilctc follow-up. Onlv 
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stage. In 3 instances, an nnnsually long time Imtween stages elapsed 
because of contralateral spread, hemorrhage, and unfavorable postopera- 
tive recovery. 

The first partial thoracoplasty in this series was done in 1932 in two 
stages, and since 1934 the two-stage six or seven rib thoracoplasty from 
above down has predominated. The complete o])eration lias been done 
only eighteen times in the past four years. 

In 1936 we began to use extrafascial apicolysis as recommended by 
Semb.'" Since tlien it has been u.sed in every case rvliere indiealcd. 
It is our feeling that more cavity closures have been obtained by use of 
this adjunct. The cavities, instead of being compressed from above 
doOTi against the mediastinum, appear to change their shape before 
closure as though the pressure were being applied from behind, laterally 
and above. Mobilization of the apex, especially in the posterior gutter, 
allows the lobe to be pushed more anteriorly. This procedure lengthens 
the time of operation ten to twenty minutes, and requires a careful 
dissection to avoid injury to the nerves and the sirbclavian vein. We 
have had no injury to the subclavian vein, one minor injury to the ulnar 
division of the brachial plexus, as evidenced by pain for three months 
in the forearm and hand, and one case of sympathetic nerve disturbance. 
In several patients, direetlj’’ after apieolj'sis, we have obsoiumd a rise in 
temperature to 102 or 103°, symptoms of toxicity, and a decrease in 
expectoration. We have regarded this as caused by an obstruction to 
drainage of the cavity. This state persists for a few days and promptly 
subsides when the contents of the obstructed cavity are evacuated. Wc 
do not feel that tlie ultimate closure of the cavity is affected by this 
episode. 

The complications encountered soon after operation were, in the main, 
.spread of the disease locally or in the contralateral lung, pulmonary 
hemorrhage, severe d.vspnca, and cardiac cmbniTa.s.smcnl. We have not 
seen a single case of meningitis or brain abscess as a complication. One 
patient developed a popliteal embolus wiiich required subsequent ampu- 
tation of the log. Infection of the wound in (his group of approximately 
300 operation.s occurred as follows: 8 massive, .'5 moderate, and 10 mild. 

In 4 cases chronic discharging sinuses persisted. All tlic infections 
were eventually controlled and no death was attriliutable to wound 


infection. 

The late, complications .were ohieliy j>rogi-c.s.sivo disease, reopening of 
bronchopleural fistulas, and in one ca.se, dcvelopmeni of a bi'onchoi)lenral 
cutaneous fistula. (Jsteomyclitis of (he ribs has occiiri'cd infrequently 
and has not'pcrsi.stcd as a complicating farior. 

There is le.ss eci'vicarsi)innl deformity if (fn; transverse jn'ocesscs of 

the fiist tliree vertebrae arc left long. 

\fter sur'mry we prefer to keep the i)atienls on sin,.! bed rest until 
thf sputum lias been repeatedly neirative for a perir.d of thi'ce to si.v 
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Nine of the cases originally presented caseous pneumonic lesions 
where pneumothorax had been attempted and abandoned because of 
failure. Seven were in negroes, and two in whites, all complicated 
by empyema and 3 hamng proved bronchopleural fistulas. In another 
case, the sputum had been negative for eight years, but thin bloody 
fiuid continued to build up beneath the thoracoplasty, necessitating re- 
peated aspirations. A bronchopleural fistula suddenly developed and 
the fiuid became secondarily infected nece.ssitating open drainage. The 
patient died in seven months from spread of the tuberculous disease. 
Another patient died of extensive amyloidosis five years after a negative 
sputum. On post-mortem examination no active tubercidosis was found 
and a healed eavit}' was described, but there was a large loeiilated 
empyema pocket in the posterior gutter, filled with thick tuberculous 
pus. The other 13 patients died of progressive tuberculosis and in all 
instances the contralateral lung was extensively involved. 

It is interesting to note that healing of cavity was described in 3 
of the post-mortem examinations. 

All of our patients were classified as far advanced. 3Iost of tliese 
were chronic eases previously receiving long .sanatoi'ium treatment with- 
out improvement and in whom treatment would liave been prolonged. 
This is illustrated in the case of a patient who had received nine years of 
.sanatorium treatment and who was discharged one year and four months 
after surgery was completed. 

All patients classified as aiTCsted and who have been followed in our 
clinic are in excellent condition. There is some degree of scoliosis 
prc.sent in nil patients graded by us as severe in 8, moderate in 10, and 
slight in the others, but is not incapacitating in any instance. The 
majority of these arrested ca.ses arc employed in some gainful occupa- 
tion. As rcgaixls function, meaning good arm motion and adequate mtal 
capacity, there are 88 good, 11 fair, and 1 poor re.sult. Deformity from 
a purely aesthetic point of view revealed 89 good, 14 fair, and 6 poor. 

Our I’csulfs show that 68.5 per cent of our patients were improved 
and of this group 63.7 per cent were cla.s.sified as arrested, or ap- 
parently cured, after i)cing sub,ieetcd to rigid examination. These 
figures eomj)aro favorably with those of Prccdlander and Wolpaw,"* who 
reported 57 per cent negative sputum cases and 9 per cent improved, 
or a total of 66 per cent improved out of a series of 85 cases. They 
also comiiare favorably with those of Overliolt,’ JlauiTr anrl de Savitseli,® 
and t’oryllos' all of whom report approximately 70 per cent of the 
operated cases improved but do not, however, mention the number of 
cases in wliicli there lias been permanent sputum converaion. Wangen- 
steen, t arisen, and Bowers.' in a .series of 42 ca.se.s, reported 50 per cent 
with negative .sputum 'and a total of 71.5 ])er cent improved. Our 
figures .show definite improvement over those collected from the litera- 
ture by Dollcy, .lonc.s, and I’axton," representing a total of 636 cases 
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3 patients have not been iieard from during tJie last six montiis and all 
of these were classified as arrested when last reported. Of the remaining 
patients, all but 22 were examined by us. The others responded to 
questionnaire. 


The 9 deaths due to causes other than tuberculosis were: suicide 
(1) ; this patient was depressed because we were unable to proceed with 
the second stage, due to spread of the disease ; nontubereulous nephritis 
(1), three years after closed cavity and negative sputum; involutional 
melancholia (1), six months after negative sputum; nontubereulous 
pneumonia (1), one year after negative sputiun; lymphosarcoma (1), 
two years after a successful result. One death occurred in a white male, 
aged 44 years, with arrested disease for two years, Avho suddenly de- 
veloped weakness in the lower extremities, with loss of sphincter control 
of the urinary bladder. A clinical diagnosis of transverse myelitis wa.s 
made. He failed rapidlj’- and expired seven daj’s later. An autop.sy 
revealed healed pulmonary tuberculosis. There was considei’alrle em- 
physema and arteriosclerosis and a liver weighing 1,575 Grams, wliieli 
revealed a hematoma 1 cm. in diameter and extending to alrout to 1 
cm. below tire capsule. No other cause of death was stated. Ihvo 


patients died of cardiac decompensation (post mortem on both), one 
five years after the disease was arrested and the other two years. Tlie 
other patient was seen in the psychiatric division of this hospital only 
a few weeks before death and his tuberculosis was arrested at that time. 
The patient Avas released from the hospital with a diagnosis of ])aranoid 
schizophrenia and died shortly afterward at home. 

Twelve deaths (S.2 per cent) occurred within the first ten days after 
operation. These haA’c been classified as operative deaths, but it is 
hichlv questionable if operation alone was responsible. In 3 of the.se 
cases* the patients died of ma.ssivc pulmonary hcmorihage, 1 following 
the first stage and 2 following the second stage. Five deaths in this 


group occurred in patients Avho, from general and x-ray ai)i)eai'anee 
seemed at the time to be good risks, although heeause of low vital 
rapacity, fall into the doubtful group. .Ml had chronic disease with 
' ‘liysema and 4 had a vital capacity of le.ss than 40 per cent. Post- 
mortem examination Avas obtained in 2 of the.se 5 patients aiul no other 
of death could be found. They all had dyspnea and e\-aJiosis 
followin- operation. One of the 12 died of acute cardiac dilatation, 

I fiost mortem c.xamination. The other 3 deaths in this gronj) 
proA’ca nj pn»i , i. 

vere attributed to postoperative .shock. 

•five of tbc deaths Avere due to jirogressive pulmonary and 
TAAcnt.A- I'C })i(>.sc patients Avas considered an arrested rase 

pleural tiscas • vears later Avith recurrent pulmonary henior- 

but AA-as }|^ eventually died, although llic siudum was nega- 

rhage. fi'Oi'i a\ (.xainination the original cavity was descrihcl 

live and at posi uns e.\tensiA-e luonchieciasis hemath the 

as healed. IIoAvever, tlnr _ _ 


‘thoi-acopla.st.v. givin? rise to .c 


iiemorrhage. 



THE SUEGICAL TEEAT3IENT OF LAEGE CAEBUNCLES IN 
DIABETIC AND NONDIABETIC INDIVIDUALS 

With a Eeport op T^VE^'TY Cases 
Charles W. McLahghlix, Jr., jM.D., Ojlvha, Neb. 

(From the Department of Surgery, University of Nelrasha College of Medicine) 

F ew lesions are encountered more frequently in surgical practice 
than are ordinarj^ furuncles. Excepting those developing on the 
face, they attract little attention from the siu'geon. The vast majority 
of these minor infections respond to a wide variety of therapeutic meas- 
ures, resulting eventually in complete cure. The fact that furuncles 
rank high among the causes of disability in industry, pi’oducing their 
full share of pain to the unfortunate patient, is all too frequently 
overlooked. 

In contrast to these simple infections, a true carbuncle with extensive 
involvement of the subcutaneous tissue and multiple draining sinuses 
through the overljdng skin presents a surgical problem of major impor- 
tance. The seriousness of these lesions is further increased since they 
so frequently develop in older indhiduaLs with diabetes, nephritis, or 
other debilitating disease. 

During the past few years we have observed a series of twentj^ pa- 
tients with carbuncles of major size, nece.ssitating hospitalization for 
treatment. For the purpose of this study all eases have been excluded 
wliieh presented with small carbuncles suitable for treatment in the 
outpatient department or in office practice. 

Several methods of treatment were used in the management of these 
twenty patients and this is quite in keeping with the highly divergent 
opinions expressed in the surgical literature. An analysis of our cases 
was therefore undertaken, together with a review of the experience of 
others, to more critically evaluate the therapeutic I'csults obtained in 
the treatment of these lesions. 

REPORT OF C.\SES 

In any series of cases of large carbuncles it is essential that those 
developing in nondiabetic patients be considered apart from those in 
diabetics. The fulminating character of the diabetic carbuncle with its 
high attendant mortality presents a surgical problem of major impor- 
tance and demands that this group of patients be considered .separately, 

((t) Carhunchs in iiondiahctic 2t<tticnis, 

There were thirteen patient.s in this group, of whom eiglit were females 
and five males. The average age was forty-five years. The most com- 
mon site was the neck and sliouldcns, followed in order by the face, but- 
tocks, and Ihi'Jths. Tlie average duration of the lesion on admission was 
lliirt ec u days, the longest period being six weeks and the .shortest two 

n>'c. lv<il for piilillnuion. ,\iic. g, 3 DU. 
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with only 43 per cent imi:)roved. No doubt this is duo lo imjirovcuicnt 
in selection and technique. 

Of oiu’ improved group, all are able to do ])arl- or full-time work but 
are ' handicapped by rceuxTcnt positive sputum or slight pulmonary 
changes evidenced by x-ray and elevation of temperature and malaise 
from time to time. 

We believe that poor results from thoracoplasty can be expected in 
chronic cases with emphysema and fibrosis, where there is limited func- 
tional reserve. Better selection in this gi’oup can be made by careful 
respiratory functional determinations before operation as described 
by Kichards and Cournand.^® Especially hazardous, in our limited 
experience, are the acute lesions temporarily controlled with pneumo- 
thorax, when complicated by empyema and particularly if broncho- 
pleural fistulas are present. 

Undoubtedly other complications, such as systemic disease, extent of 
involvement, protracted multiform tuberculosis, and age influence re- 
sults, but these are not factors of special interest in tliis scries. 


SUMMARY 

1. One hundred forty-six cases of paravertebral thoracoplasty for 
the treatment of pulmonary tuberculosis are reported. 

2. Complete follow-up was obtained on all l)ut 3 patients, who were 
classified as arrested when last heard from. 

3. Improvement occurred in 68.5 per cent and of tlicsc 93 or 63.7 
per , cent, by critical analysis were arrested or apparently cured. 

4. Forty-six, or 31. S' per cent, of (he iiatients are dead from all causes 
during one to eight years. Twelve, or 8,2 per cent, arc listed as o|)ora- 
tive deaths; 9, or 6.2 per cent, died of eau.ses other than tuberculosis; 
and the remaining 25, or 17.1 j)ei- cent, died of progressive tuberculous 
disease. 
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(lays. In size these carhimeles varied from 3 to 20 cm. in diameter, the 
smaller lesions being those on the lips and face, "while the very extensive 
ones were thase on the neck and shonlders. The therapy employed is 
tabulated in Table I. 

Carbuncles on the face were treated entirely by conservative meas- 
ures which included bed rest, continuous moist boric applications, and 
x-ray therapy in certain instances. Incision was employed in these 
eases only when it became necessary to drain a well-localized abscess. 

Carbuncles appearing in other areas than the face were all treated 
])y cruciate incision with undercuttuig of the skin flaps. In two "very ex- 
tensive cases x-ray was used in conjunction with wide incision as a pre- 
and postoperative adjunct. It was necessary to operate on one patient 
a second time because of further local extension of the infection. The 
average period of hospitalization for the group was nineteen days. Skin 
grafts were necessarj- in two eases but the remaining wounds healed 
without grafting in an average period of six weeks. There was only 
one death in tliis group of patients, resulting from septicemia and endo- 
carditis. This man, aged si.xty-scven years, rvith a vei^' extensive car- 
buncle of his nock, made a good surgical recover}' after cruciate incision 
and the .subsequent application of split grafts. He was dismissed from 
the hospital witii liis wound almost healed. Tm-o months later he was 
readmitted after an illness of two weeks. He was found to have a 
Hitiplnjhcoccus aureux septicemia and post-mortem examination dis- 
closed an acute vegetative endocarditis. There seems little doubt that 
tliis man's fatal illne.ss resulted from a late complication of the orig- 
inal carbuncle. 


(b) Cftvhuncha in dinhriir poticnix. 

This grouj) of seven patients averaged fifty-six years of age and six 
occurred in males (Table II). Two of the seven were unaware that 
they had diabetes piinr to admission while the remaining five were 
known diabetics for periods ranging from six months to thirty years. 
.Voile of this latter group of known diabetics had been under proper 
meiiieal management before the onset of their present illness. Six of 
lhi> seven wen* definitely overweight, averaging IS2 pounds. 


Tlipse seven patients were all acutely ill on admission, with marked 
pain, fever, and prostration. A Icucocytosis was pre.sent in every in- 
stance, averaging 20,000 cells per cubic millimeter for the group. In 
those eases in which blood smears were made, there was a striking shift 
io the left in the polymorphonuclear series, the .stab cell counts 
averaging 22 per cent. The.sc .seven patients with diabetes responded in 
the usual manner when infection became establLsbcd. In everv case 
the diabi-tes beenme uneontrolled in sjiite of large and increa.sing insulin 
dosage, adequate drainage being the only means of bringing the altered 
metabolism into abeyniiee. One of these patients was treated c'nfirelv 
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Caihiunclks in Nondiaue-i'ic Patients 
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by consen'ative means, one liy cruciate incision alone, and the remain- 
ing five by x-ray therapy, and surgical drainage. Surgical excision vras 
carried out in one of these five patients, cruciate incision being em- 
ployed in the other four. Extension of the inflammatory process neces- 
sitated secondary operations in two patients (Table III). Sulfathiazole 

Table HI 


Diabetic Patients With Major Carbuncle.? 
Tf.e.\tment and Results 


CASK , 

TKEATStENT ( 

RESULTS I 

HOS- 

PITAL 

DAVS 

CAUSE 

OF 

DEATH 

COMMENT 

^-RAY 

X-RAY 

AKD 

SURGERY 

SURGERY 

ALONE 

CON- 

SERVA- 

TIVE 

RECOV- 

ERED 

DIED 

1 


iTes 

Incision 



Yes 

■ 

21 

■■ 

Opened when well 
localized 

*j 

3 




Yes 

Yes 

i 

m 

B 

Spontaneous drain- 
age 



Cruciate 


1 

Yes 


Septi- 

cemia 

Uncontrolled dia- 
betic; no re- 
sponse 1 0 ther- 
apy; sepsis and 
pyemia 

•J 


Yes 

Cruciate 



Yes 

1 

4G 


X-ray for 0 days; 
diabetes not con- 
trolled ; lesion un- 
changed; re- 
sponse to surgery 

5 


Yes 

Cruciate 

2 opera- 
tions 



■ 

Yes 

■ 

No 

post 

mor- 

tem 

Terminal leucope- 
nia; possibly sul- 
fatliiazole effect 

G 

• 

Yes 

Cruciate 



Y’es 

1 

00 

i 

X-ray 9 days; le- 
sion unchanged; 
diabetes not con- 
trolled ; response 
to surgery 

7 


Vos, 

.*> opera- 
tion? 
X-ray 
Transfu- 
sion 




Yes 

32 

Siepsis 

Severe diabetic; 
no previous con- 
trol; surgery too 
conservative a t 
0 n t -s e t ; no ro- 
si.stanco 


in largo do.sc.s was used as an adjunct to x-ray and surgery in two jia- 
tients, transfusion also l)cing employed in tlic same individuals. 

There were three deaths in this .small serie.s of diabetic patients, re- 
sulting in a mortality of 42.8 per cent for the group. 


< ASi. 1. An ohesf mule, 72 ypar.o of :ige, was anitoly ill on admission to tlie 
Vuivrrsitv tlospifal, wiili a temijpraturo of ](U» K. A c.arbuni-Io of llio necl;, 
IJ y 0 cm. in dinnictcr, had hcou present for seventeen duvs. Diahete.s was dis- 
covered on admi.^.siori to hospital. Trm.tinent eon.sisled of ‘wide eroeiate incision 
logetlier with diabotie care. The diabetes remained nmamtrolled and the patient 
m.u t no ri^ipoase to treatment. Death oeenrred from .septicemia four davs after 
adim.sVmn. A nonhemolytic .streptococcus was demonstrated on blood culture Xo 
pOMt mortem permitted. ' ' 
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when therapy is started early. Surgical drainage becomes necessary to 
control the lesion in approximately 33 per cent of any group of patients 
receiving initial x-ray therapy. Hodges,® King,® Andrews,® and Light 
and Sosman,* all agree that the highest percentage of failures with 
x-ray therapy occurs in the treatment of deep carbuncles of the neck, 
and these authors all favor surgical incision for this type of lesion. In 
carbuncles of the blush area of the face x-ray therapy is now almost 
uniformly employed with an appreciable reduction in the mortality. 

Table IV 


X-BAY Therapy in the Treatment or Major Carbuncles 


AUTHOR 

TOTAL 

NO. 

CASES 

CASES 

X-KAY 

ther- 

apy 

ONLY 

GASES 

AIDED 

% 

CASES 

CURED 

% 

CASES 

X-KAY 

FAIL- 

URE 

CASES 

X-RAY 

FAIL- 

URE 

i % 

CASES 

; X-RAY 
AND 

SUR' 
j GERY 

MORTALITY 

COMMENT 

CASES 

% 

[ 

Light 

and 

Sosman 

50 

.14 

66 

60 

16 

B 

16 

33% 

2 

4 

Failure in 40% 
lesions neck in 
men 

Firor 

oVi 

38 

70 

60 

1 

1 

18 

33% 

0 

0 


King 

.19 

36 

70 

06 

•> 

.iO 

3 

8.3%, 

0 

0 

i 

.Surgery better 
for deep le- 
sions of neck 

Lewis 

16 

14 

B 

87.4 

2 

12.4 

2 

12.4% 

0 

0 


Hodges 

26 

24 

■ 

92 

B 

8 

2 

S% 

0 

0 

Advi.se surgeiy 
for deep necit 
lesion.s in men 


(bj X-ray ihci'apy in conpmcfion iviih surgical drainage is the most 
])opular metliod of treatment employed today in the treatment of major 
carbuncles. In Table V several reported series of cases are summarized 
indicating the methods of therapy and results obtained by different 
surgeons. One may eonelude that x-ray therapy is definitely worthy 
of a trial in the treatment of nondiabetic carbuncles, excepting those 
dee)) lesions on the ncek. If evidence of improvement is not apparent 
ai'ler five days’ therapy, radical surgical drainage is indicated. 

In analyzing these cases one outstanding fact is apparent. Slast 
nondiahetic patients with major carbuncles recover unless the individ- 
ual develojis a septicemia with multiple absce.sses or an endocarditis. 
The mortality in the nondiabetie group avei'ages approximately 3 per 
cent. In contrast, the diabetic patient with a major carbuncle ha.s a 
very different prognasis. Our experience, whieh is .supported by the 
observations of others, has led us to con.sider sueh a lesion as serious as 
a moist gangrenous limb in a diabetic patient. "Wilh the onset of infec- 
tion, the carbohydrate metabolism invariably becomes refractory to 
medical therapy, and fails to re.spond with the employment of conserva- 
tive surgical measures. The mortality in this group of patients range.s 
from 2.') to 40 per cent in the reported scries. These patients are usually 
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Case 2. — An obese niale, 44 years of age, was admitted to the University Hos- 
pital acutely ill with a temperature of 101.4° S'. An extensive carbuncle of 
the neck, measuring 16 x 18 cm., had been present for two weeks. Diabetes was 
discovered for the first time five days prior to admission. Treatment consisted of 
wide cruciate incision and the incision was enlarged on two occasions because of 
extension of the lesion. X-ray therapy and large doses of sulfathiazole were also 
employed. The diabetes, which was at first uncontrollable in spite of 200 units of 
insulin per day, became regulated when adequate surgical drainage was obtained. 
Recovery seemed assured and the wound was healing satisfactorily when the patient 
suddenly became listless, apathetic, and irrational. A leucopenia developed with 
complete agranulocytosis. Death occurred on the thirty-first hospital day, ninety 
hours after the onset of this complication. A blood culture on the last day of life 
was negative. A post-mortem was not permitted. The clinical impression a as 
that death probably resulted from agranulocytosis incident to sulfathiazole. 

Case 3. — An obese male, 64 years of age, was admitted to the Methodist Hospital 
with a temperature of 100.8° F. A carbuncle of the neck, 12 x 12 cm., had been 
present for a period of ten days. The patient was a known diabetic of ten montlis’ 
duration but had not been under adequate medical control. Cruciate incision, without 
undercutting, was carried out on two occasions but in neither instance was the entiie 
area widely opened. Sulfathiazole was given in large doses, x-ray therapy' was given 
daily, and the patient received two transfusions. The inflammatory process con- 
tinued to advance, sepsis became more marked, and the diabetes was uncontrolled 
on 75 units of insulin per day. The patient was seen in consultation and moie 
adequate surgical drainage was advised. Wide ciuciate incision with complete 
undercutting of the flaps was carried out under pentothal sodium anesthesia. Tem- 
porary improvement was noted but pulmonary signs developed and death occurred 
on the thirty-second hospital day. No post-mortem was permitted. It would appear 
that the initial treatment in this case was too conservative with resultant loss of 
strength and resistance. It seems possible that more adequate surgical drainage 
at an earlier date might have altered the ultimate result. 


DISCUSSION 

The principal methods of treatment employed in the treatment of 
major carbnncles may be considered under four headings. 

1 Conservative measure.s in which rest, hot packs, and .\-ray theraiiy 
are the principal therapeutic agents. 

2 X-ray therapy in conjunction witli surgical drainage. 

3. Early radical surgical drainage. 

4r. Jiliscellaneous methods. 

( ) X-ray therapy. In Table IV several series of reported eases are 

immarized in which x-ray therapy wa.s the principal method of treat- 
Improved technique of radiation has re.sulted in providing a very 
tbornneutic agent with the principal advantage-s of pi-ompt 
valnab e ^ satisfactoiy cosmetic rc.sult. Except in 

reduction in I treatment is begun very early, the period refiuire<l 

those eases HI jesions with x-ray is similar or only slightly le.ss 

for control O surgery is employed. In the reiiorted seiies 

than that obsene gjone has been adequate to effeet a erne in from 
of cases x-ray _„,icnts so treated, the percentage being liigber 

60 to 90 per cent of the pai 
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double cruciate incision ivitb sliding flaps, and iMaes'® a gridiron inci- 
sion to provide drainage comparable to that produced by the usual 
cruciate incision vdth more rapid healing and a smaller scar. We have 
routinely employed a wide cruciate incision with undercutting of the 
skin flaps when surgical drainage was undertaken (Fig. 1). Zinc per- 
oxide (Z.P.O.) is a veiy useful initial dressing for these wounds, fol- 
lowed in a few days by Dakin s solution to facilitate separation of ad- 
herent necrotic tissue. The skin flaps are approximated vith flamed 
adhesive tape as soon as the base of the wound is covered with healthy 
granulation tissue. The resultant scar is usually much less noticeable 
than anticipated and skin grafts arc onlj' occasionally necessary (Fig. 2). 



a. n. 

Kik 1 — A, Knrpo carbunclr on back of nocK tn a dlabf'tic pationt of two 
imrnljon /?. Appf'aiancc l«>n ibn** aft^r wido cruciato mcj*!ion with iindorcuttmfr of 
^Kin fltiO*' Hcaun?; fuchUatrd b> appi oximatinp: tho <5km n.ipi* witli flamcfl nd- 
hosisc tapo 

It must be coiiMantly boi’nc in mind that the inflammatory process 
iiiiiy extend alter the primary operation is carried out, necessitating 
further suvgevy. \Ve have found this necessary on three occasions in 
our senes of cases. 

Practically all now agree that riuiieal surgical methods have no place 
in tlie treatment of earhuncles of the upper lip and blush areas. Lilicn- 
tlial" lia.s recently suggested inei.sion through the vermilion border of 
tli(> upiier lip for the treatment of carbuncles in this region but stresses 
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obese, often are unaware thej’- Imve diabetes until their admission to the 
liospital, and frequentlj’' are liospitalized for treatment days or weelcs 
after the development of tlie carbuncle. We agree, with McKittrick and 
Root^“ that the logical method of treatment demands immediate control 
of the patient’s ketosis and the prompt institution of adequate surgical 
drainage, providing tlie lesioii is not on the face. Needless delay spent 
in futile attempts to control the patient’s diabetes and limit the inflam- 
matoiy process by conservative methods results in a lowering of resist- 
ance and higher mortality. 

Table V 

Tbeatjient op Majoi: Cabbuncle.s 
S uJtJtARr OF Several Reported Series 



MITCH- 

INER 

0 ’briex 

BER- 

MAN 

KALLIS 

AND 

HOOKER 

CARP 

MC KIT- 

TRICK 

AND 

ROOT 

JIC- 

LAUGH- 

LIN 

Total cases 

240 

130 

125 



19 


Diabetic cases 

10 

10 


mom 

Si 

19 


% cases diabetic 

2.4% 

12.37o 

10.S% 

12% 

19.0% 

100% 

35% 

Therapy 

non- 

diabetic 

patients 

Conservative 
X-ray only 

X-ray and sur- 
gery 

Surgery Incision 
only lExcision 
_ ,, Cases 

Deaths 

114 

So 

9 

3.5% 

GO 

70 

1 

O.S% 

25 

33 

67 

o 

2.9% 

so- 

ls 

3 

S4 

23 

4 

2.7% 

33 

22 

56 

3 

2.5% 


T) 

0 

7 

1 

1 

7.6% 

Therapy 

patients 

with 

diabetes 

Conservative 
X-ray only 

X-ray and sur- 
gery 

Surgery llncision 
only 1 Excision 
^ Cases 

Deaths 

1 

4 

5 

4 

40% 

4 

25% 

6 

28.5% 

5 

25% 

1 

G 

23 

S 

27% 

19 

5 

26.3% 

1 

4 

O 

42.3% 

Lesions 

Face 

Cases 

Deaths 
< 5 f, Deaths 

s:i 

7 

,S.4% 

57 

0 

0% 


25 

20% 1 



4 

0 

0% 


fcj Badical surgical drainage is tlie method of clioiec when a deci- 
sion has been made to employ surgery. One has only to I'ccall the 
characteristic pathology of a carlninele to realize the futility of obtain- 
incr adequate drainage by means of conservative or “medical” incisions. 
Oomnlete excision of the lesion cither with Die actual cautery as advo- 
1 1 r i\rowerv“ or the electric knife sugge.sted by Jop.son” has its 
eate Hosford”' favors this method when feasible in all diabetic 

adheren s. ,nethods undoubtedly do remove the entire infected 

patients period of disability and scarring have not con- 

area out 1 - ,,opnlarity. Wide crnciate incisions extending eoni- 
Iributed to 'cn eomiilete undei’cutting of the flaps 

pletel)' across ic probably the most popular method of sur- 
as practiced h} ATnre recentiv liivingston” has described a 

gical drainage employea. 
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Table VI 

TlJEKAJn OF C«.BU\CLES 


Miscellaneous Methops 


AUTHOR 

CASES 

DIA 

THERMY 

CA'UTER'i 

PUNCTURE 

MAG 
NESIUM 
SHI F VTE 
PVSTF 

AUTO 

IIEMO 

IKJEC 

TI0\S 

SUFGEPA 

AND 

SUUPONA 

MIDES 

RFCON 

FUi-D 

DIFD 

MOR 

TKhlTY 

Fellman 

fy 
• > 

o 




3 

0 


Beling and 

13 




13 

13 

0 

0% 

.khel 









Moiison 

2S 


2S 



28 

0 

0% 

Carp 

12 



12 


12 

0 

0% 

Dutt 

S 



S 


S 

0 


Brown 

2 



2 


2 

0 

0% 


We have had no personal expenenee with this method but through 
the court esj' of Dr. Alfred Brown the follo\\ing two eases are leported 
in which it vas successfully employed. 

C\SE 1 — Male, aged 38 jears, ^^as seen on Juno 9, 1927, ^\lth a large furuncle 
on the back of the neck, present for one neek Hot packs nere applied but the 
following daj the lesion was more extcnsne, having all the characteristics of a 
true carbuncle The temperature was 99 4° F, the white blood count 17,400, 
urme negatiio. On June 17, 1927, 40 c c. of whole blood were in3ected into four 
quadrants about and beneath the lesion The following daj pam was lessened 
considerablj and there was no eiidence of extension The center of the lesion 
became soft and there was profuse purulent drainage Following the initial auto 
henio injection no further treatment was necessary excepting frequent dressings 
Healing progressed rnpidh and the patient was dismissed with the wound healed 
eighteen dajs after the autohemo injection 

Case 2 — Male, aged 39 jears, was seen on Noiember 15, 192S, with typical 
carbuncle on back of the neck present for period of four dais Urine negatiie. 
The patient was ininicdiatelj admitted to the Clarkson Hospital where the entire 
penpherj of the lesion was injected with autogenous whole blood under gas anes 
thcsia Pam was prompth rcbcicd and the following day he left the hospital 
The inflaiinnatorj area rapidly decreased in sire and discharge from the center 
of the area diininishcd The patient was dismissed fi\o days after the autoherao 
injutioii Dressings were no longer necessary and healing was complete 

express our appreciation to Dr Mfrtd Brown tor the Prmlese 
of inciufUng in tins itport liis two cases siiccessfuiix treated b\ nutoheinotlier ipx 

.summary and COXCI U'sION.S 

1 A senes of twciilj majoi eailiuncles ate lepoitcd. thirteen detelop- 
iiig in nondiabetie and seven m diabetic patients 

2 The moit.ihty m Hie iiondiabctic patients sliould lie low, death 
aimost always le.sultnig fioin septicemia with its attendant eomplications 

8 7’he iiioitality fiom laige eaiJitmeles developing in diabetic patients 
is high, langing fiom 2."i to 42 per cent in the lepoited seiies of cases 

4 (’onset vat IV c nieasvuos. meUiding \ ray Iheiapv, should be em- 
ployed in the tieatnient of all tailmncles on the face in liotli diabetic 
and nondiabetie patients lagatum ot the angulai vein m these indi- 
vidvtuls is not w at ranted 
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Ihe danger of going llirongh infected tisbiic. It is generally considered 
that surgical procedures in these regions should be limited to the re- 
moval of crusts or simple incision when necessary to release pus from 
well-localized and completely liquefied pockets. Ligation of the angular 
vein was advocated by Bailey,^® in 1928, to prevent the development of 
cavernous sinus thrombosis, although it was admitted that this only 
represented one route of drainage from the blush area. More recently 
Batson^^ has demonstrated by injection experiments that ligation of the 
angular vein does not prevent septic emboli in the facial vein from 



of a \cr^ extensive carbuncle of the neck in a nondl.ibctlt 
FiC. 2 — of ^In tlironsh necrosis Until e area subscqiicnth covorid 


r the cavernous sinus by smci’dl other i miles Fraser, Cm- 

J ■Rnl.orts=' have all pointed out llie lutiiily of this proccduic 
don." ana iwocn-’, 

1 it is rarely employed today. 

‘ ■ f f],, /e^v frcqucnihi cmploijcd methods used in the 

(d) A (P'O^ facies aie listed in Table VI. Of lliesc, autohemo- 
Ireatment of c.u ) (s-jj-pJ- anti Diilt-” has been sufficiently succc.ss- 

therapy as emp ov e t g^je„sivc clinical trial. Since Ihe luiblication 

ful to warrant a julditional lepmt of the use of aiilo- 

of Carp's paper m ^\,„prican or Bnglish lileiatiiic. 

hemotherapy has appeatec 
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5. In nondiabetic carbnneles, excepting deep lesions on the neck, 
x-ray and conservative methods are worthy of a trial. If there is not 
definite improvement in a few days, wide cruciate incision with imder- 
cntting of the flaps is indicated. 

6. Early radical surgery is the treatment of choice in all deep car- 
buncles of the neck. 

7. Autohemotherapy is a method of therapy worthy of further clin- 
ical trial in tlie treatment of major carbuncles which are seen early. 

8. Carbuncles in diabetic patients, excepting those on the face, do not 
respond well to conservative measures. Early radical surgery is in- 
dicated. 

9. The value of the sulfonamides in the treatment of these lesions is 
not as j"et determined. 
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LOCALIZATION OF BISMUTH IN THE KIDNEY 


H. Kroll, Ph.D., Robert A, Arens, M.D., S. jMesirow, j\I.D., 

S. P. Strauss, jM.D., and H. Necheles, M.D., Ph.D., Chicago, III. 

(From the Departments of Gastrointestinal Fesearch anil lloentgrnology, Michael 

Feese Hospital) 


I T IS well known that, bismuth eomponnds as nsed in the therapy of 
syphilis may be concentrated in the kidneys, and analyses carried ont 
on experimental animals and on luiman beings have been reported from 
various laboratories.''^ 

In our work on the localization of abscesses"'® we have also used the 
water-soluble bismuth compound thiobismoP (sodium bismuth thio- 
gljmollate). The experiments were conducted on brown Belgium rabbits 
who received varying amounts of thiobismol in one dose or in divided 
daily doses by intramuscular injection. Various organs were analyzed 
for bismuth contents by the method of Lehman, Richardson, and 
Hanzlik.® 


The first group of rabbits were apparently normal animals from our 
stock. Control films of the kidneys were taken and then thiobismol 
ill doses varying between 40 and 180 mg. was injected. Twentj^-four 
hours after the last injection a roentgenogram was taken ; in a number 


of animals films were taken after every injection. All films were taken 
with the animal on its back, and with the same focal distance, tube, and 
screen. In all six rabbits of this group a distinctly increased bismuth 
content was found in the kidneys as compared to other organs. In rab- 
bits 5 and 6 (see Fig. 1) the substance of the kidney was found dis- 
tinctly visible on the x-ray film twenty-four liours after tlie last injec- 
tion of thiobismol. The kidneys of these rabbits contained relatively 
lai-c^e amounts of calcium on chemical analysis. Tliis observation may 
xnlain the visualization of one kidney in the control film of rabbit G 
Fig !)• rabbit 5 one kidney only appeared on the x-ray picture 
f llowin" the thiobismol injection, and autopsy revealed the presence of 
1 nro-aii a not quite infrequent observation in rabbits. In rah- 

hhs 1 to 4 the kidneys were not visualized. 

Tt nresence of large amounts of calcium salt m the kidneys of two 
, 1 •! • /Heated an abnormal condition of this organ which po.ssihly 

rabbits m < accumulation of the bismuth. Therefore, in the 

was responsi ° 10), an attempt was made to produce a 

next group o kidney liy the intravenous injection of 2 to 4 

pathologic con .subsequent da.vs. Two days later thiobismol 

c.c. of cthj'lene c. r- ],ours after the last injection x-ray films 

was injected and twenti-ioui 

P Kiimm. r-.irkc. Dav|.i A ron„i;,ny. 

• Generously ®"P^t,on. Dec. 1. ISH- 
Received for pul.l.eno 
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were taken. In three of these four animals a distinct shadow of both 
kidneys was observed. Chemical analysis showed the presence of rela- 
tively large amounts of bismuth in the kidneys (see Pig. 2), but no sig- 
nificant amount of calcium was found. In the fourth rabbit (No. 10) 
repeated films gave inconclusive results, because large amounts of gas 
obscured the entire abdomen. 

A histologic .study of the kidneys of the animals treated with ethylene 
glycol and with ethylene glycol and thiobismol showed severe lesions of 
tlie glomeruli and tubules.* 


SU.MJIARY AXD coxcnusioxs 

Our experiments indicate that the kidney of tlie normal rabbit does not 
accumulate amounts of thiobismol sufficient for its visualization on the 
x-ray film. On the other hand, in rabbits wfith pre-existing kidney 
pathology, as evidenced Ijy significant amounts of calcium in the kidneys, 
as well as in rabbits who.sc kidneys had been damaged l)y ethylene 
glycol, the injected thiobismol was accumulated by the diseased kidneys 
to such a degree that they acquired sufficient radiopaqueness to stand 
out very distinctly on the x-ray film. 

It is known that the administration of thiobismol per se to the human 
being or animal can be followed by kidney damage,’® and that the ad- 
ministration of this substance to patients with kidney disease is danger- 
ous. We know from the studies of others that, in the human being and 
in animals. in,iected bi.smuth is excreted in the urine in large amounts," 
and we had evidence of this in about half of our films by a dense bis- 
muth shadow of the filled urinary bladder. We feel that our observa- 
tions are worth-while reporting to give another warning against the 
use of thiobi.smol or similar compounds in the presence of damaged kid- 
ney.s, and we want to draw the attention of the clinician to the possibility 
of demonstrating such conditions on the x-ray film. The production of 
radiopaqueness of the entire kidney would certainly be a de.sirable 
method for the detection of intrinsic or extrinsic pathology of this organ. 
Tiic j)ossil)ility i.s suggc.sted, therefore, of the future use of this method 
in llic human being, for instance, in the case of one-sided surgical kidney 
dison.se. The t)athologio kidney would store hisTuuth, and therefore eon- 
civtions, cyst.s, tumors, etc., would stand out on the x-ray film. The 
healthy kidney would not store bismuth and would Jiot be damaged by 
llio ordinary tliorajienlie doses of bismuth, which have been established 
as safe in a long exi>erienee in the treatment of syphilis. This jTrohlem 
is under investigation. 
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UNILATERAL HYPERTROPHY OP THE JIASSETBR MUSCLE 

Robert J. Coffey, SI.D., M.S. (in J\Ied.), Ph.D. (in Surg.), 
Washington, D. C. 

I NASBIUCII as the nuisseler muscle contributes importantly to tlie con- 
figuration of the face, a malformation or tumor of this structure re- 
sults in an early and conspicuous deformitj*. Such a lesion may he easily 
mistaken for a mixed tumor of the parotid gland, a salivary retention 
cyst, or an adamantinoma. 

The rai’ity of primary tumors of the masseter is revealed by my fail- 
ure to collect more than 9 cases in a review of the literature. Hudon,' 
in a thesis on this subject, reported the occurrence of 2 eases of cy.stic 
sarcoma and 1 case in which a fibroehondroma was identified. King* 
described a case of severe trismus in which the resected muscle had l}een 
almost totally converted into fibrous tissue. Tatum’s® ea.se of recurring 
fibroma of the masseter was undoubtedly an instance of fibrosarcoma. A 
ca.se of rhabdomyosarcoma was reported by Larue.^ Pantaleoni’' ob- 
served the occurrence of a primaiu* angioma of the masseter in 1 ease 
and he collected 2 similar eases from the literature. 

Nonncoplastic affections of this muscle are of sucii frequency as to de- 
•s'crvc mention. Dndon’ described 2 cases of hydatid cyst of the masseter 
and, in addition, he mentioned the involvement of this muscle in tubercu- 
losis, trichinosis, actinomycosis, and myositis ossificans. Margaret, 
Kimhand, and Ravoirc® presented 3 cases of gumma of the masseter, 
in ail of which the tumefaction disappeared with antisyphilitic thcra])y. 
An interesting ea.so of a cyst situated in the right masseter mnsclo was 
reported l)y Bcco.' lie identified several small ranulas in the adjacent 
tissue, and consofpiontly ho concluded that it was a retention c.vst of an 
accessory jiorlion of the ])arotid gland. Diiroux’' described a ease of 
asym}Uomatic bilateral hypcrtropln' of the masseter, the nature of wliieli 
was undetermined. 

CASK RUrORT 

\V. K., uliite mule, u^*‘d 11> year*', scon in eon''uUation with Thomas Monhs^ 
n.O.S., on Mareh o, lK’pa«'‘e of a tumor of the n^ht jnw. 3n IP'IO mombens 

«ff the patient V family ol)-er\C'(l an enUirjrement of the rjfjht sjdo of hi*' face. Knrjicr 
pluHojiraphv re\eal no fanul asvinmetry. During the \ear the ‘.wellin" renehey] 
««utheient ‘‘i/e to lieeurne a '‘ourre of cmba^■^a^''mcnt to the patient, ami he hml eom* 
plauietj of inilil <ii'-<’onifort m the region of the tumor. }A«ept for a rather unttsimj 
fatigm* a'-srx'jateil with prolongcNl «*hewingi mast jeahon was not interfere/l with. Xot 
infre<pientt\ the bm'i at nnn on*' menibrane on the nglii -snle wu'* trauniafiVed diiring 
nia‘'ti('atioli. No fnroal tu- e\i‘.te4. iKmtal exaimnation reveahv) the pre-enee of 
four imparteil wi‘*<loni livlh. 
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On examination a soft, noncystie, and slightly tender mass, measuring .'i by 4 cm., 
was both visible and palpable immediately above and medial to the angle of the jaw 
on tlie right side. Xo palpable enlargement of the right parotid gland was found. 
Simultaneous palpation from within the oral cavity and on the surface revealed 
that the major portion of this mass prc.sented externally. Saliva flowed freely from 
the parotid duct on the involved side. A roentgenogram of the right mandible showed 
no evidence of disease of the bone. The Kahn test was negative. A tentative 
diagnosis of tumor or retention cyst of the facial process of the parotid gland was 
made. 

On 5Iarch Ki, 1041, under intratr.acheal nitrous oxide anesthesia, a 4 cm. incision 
\rns made along the superior border of the mandible. On exposure of the masseteric 
fascia, the underlying mass resembled thyroid ti.ssue as seen through its intact 
capsule. The fascia was incised, and longitudinally disposed muscle fibers were en- 
countered. Assuming that these fibers were overlying the tumor, the dissection was 
carried deeper into the muscle until finally the buccal mucosa was reached. It was 



iisr. 3. — riiolOKi-apli takon five months postoperativoly showing diminution In the size 
of tile ii.vpcrtrophied masseter muscle. 

then apiuirent that the mass consikted of a greatly hyporirujihied masseter muscle. 
.5 liiop.sy of this ti.s.spc was .submitted for pathologic examination to Dr. Vincent 
Dardinski who reported: “The tissue js coniposed of striated nniselc. the individual 
libers of wliieli are thicker than normal; whether tliis can he con.strued as being a 
[i.'ithohigie process is iliflicult to say Iiwaiise of the absence of any other patholngie 
elianges {Fig. 1].’’ 

One month after primary healing of the ineisnm. it was notoil tliat contraction 
of the j:iws caused a conspiemnis protrusion of tlie m.ass, proliably as a result of 
herpiatioa of the muscle fibers through the sutured riiasseteric fascia tFig. «}. .V 
shgtif hut not unusiinl. prominence of tlie eurresponding niiiscle on the opposite side 
was oliscrse,). .Mthoiigh the dental surgeon was of the opinion that the impacted 
wi-dom tis'th were in no way related to the muscle hypertrophy, the.se teeth were 
Mi1is.'i|uently extracted. The patient wn« advised to avoid unnecessary U'C of the 
in.is-eters, a« in giini clicwing, and to confiiic lii' ma'lication to tlio iininvolvrsl side 
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Fig. 1. — Photomicrograph of section of muscle biopsy showing hyportropliy of tlic in- 
dividual fibers; no evidence of inflammation is present. (X515.) 






Editorial 


The Use of Eefrigeration Combined With Vasodilatation to Preserve 
Vitality in a Eelatively Ischemic Extremity 

T he WOEK of Alien and his associates on the vise of refrigeration 
as a preliminary to amputation in older individuals with primary 
degenerative arterial disease in which gangrene is imminent has done 
much to lower the mortality rate in these poor-risk patients. They 
iiave shown that in older patients with impending arteriosclerotic gan- 
grene, with or without diabetes, the application of a tourniquet to the 
extremity rendering it totally ischemic comlhned with refrigeration of 
the extremity will not only retai’d bacterial invasion in such an extrem- 
ity, but will permit amputation to be done safely without the use of 
any further anesthesia. Nothing is more dramatic than to see the ease 
with which an amputation can be done in such a poor-risk patient with- 
out anesthesia and to observe the uneventful eonvalc.scence which he 
lias postoperatively. 

Whereas these contributions of Allen and his associates in elderly 
patients with primary arterial disease of an extremity are of inestimable 
value, it is our opinion that refrigeration is probably of greater value 
111 younger individuals whose vascular sj’stem is otherwise normal, but 
in whom there is an interference with the blood supply as a result of 
tnuima. In thc.se instances, refrigeration should bo used not as a pre- 
liminary to amputation but in an attempt to decrease the metabolism 
of the jiart sufficiently so that the impoverished lilood supply is capable 
of maintaining the vialiility of the extremity. Previously, in the pi’e.s- 
ence of interference with vascularity of the extremities it lias heen the 
Iiojmlar iiractiee to apply heal; and yet according to the investigations 
of Allen, Freeman, Brooks, and Duncan, tlic u.se of lieat in this way is 
JU'ohalily tile worst thing that can he done. As has liccn dcnionsfrated 
hy Brooks and Duncan, tlie iirodiiction of a total ischemia in a rat's 
tail results in massive necrosis occurring within four hours if the tail 
is maintained at a temperature of 40° On the other hand, a similar 
decree of ischemia does not result in serious ilamaue to anemic tissues 
lor as long as four days if tlie temiierature is maintained at 4° C. 

\\ iicreas it is extremely de.siral)le. hy deereasimj the environmental 
temperature, to decrease tiie metaboHsm of tiie ceils of the ])avt to a 
sufiicient detrrcc that vitality can he maintained with an otherwi.se in- 
adequate hlood suiqily, it i.s equally umlesirahle to deeroase fiirthm- the 
hlood supply of the extremity a.s a rc.suil of vasoconstriction produced 
li.\ the n])]ilieation of eohl. Therefore, it is obvious in tiiosc ea.se.s in 
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as much as possible. Definite diminution in the size of the hypertrophied massefer 
is evident in a photograph taken five months postoperafively (Fig. 3). 


COMMENT 

The occurrence of this lieretofore mireported condition of unilateral 
hypertro23hy of the inasseter tnuscle pre.sents set'eral itrohlems. Tlie 
cause of the hypertrophy in this case was undetermined. No dental or 
orthopedic basis for a compensatory hypertrophy was discovered. Evi- 
dence of an inflammatory myopathy was lacking in the histologic sec- 
tions of the muscle biopsy. No evidence of syithilitic or tuberculous in- 
volvement of the muscle existed. The clinical diagnosis of this rarity, 
in retrospect, could liave been made bj' combined intraoral and external 
palpation of the contracted muscle. Conservative treatment is recom- 
mended. Habit tics, gum chewing, and such actions that unnecessarily 
exercise the involved muscle should be avoided. Surgical resection of 
the muscle, in whole or in part, would probably only aggravate tlie 
facial deformity and, in addition, would expose the patient to the risk of 
suffering an injury to the facial nerve and the parotid duct. X-ray 
therapy of the involved muscle is mentioned only to condemn it. 
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INTRODUCTION 

IT IS only recently tliat a new impetus has l)een mven to the I’c-exam- 
ination of the physiology of the pancreas. As is true of all research, 
this .stimulus has not resulted fiom any one factor, but from the grad- 
ual accumulation of knowledge opening new avenues of thought. Tlic 
abstract knowledge finally succeeds in supplying the tools needed for 
the reinvestigation of a problem which formerly had been studied by 
the tools then at hand, but allowed to end at a certain point. It is 
amazing that the most important digestive organ in the body is the 
dark continent” of the intestinal tract. Tlie appearance of a pure 
ehemical .stimulant and a sligiit change in approach has resulted in new 
and successful means of studying pancreatic function. A functional 
test has also appeared. The most recent and still controversial phase 
of study is tlie evaluation of a new lipotropic hormone. With the ac- 
curate determination of blood enzymes, the diagnosis of pancreatitis has 
boon simplified. The importance of this is veil understood. In the 
near future the study of pancreatic function promises to make strides 
c(|unl to that of the other organs of the body. .Sc\eral reports of eval- 
uations of the result of sin-gery in Inperinsulinism have been published, 
ancicatic secretions continue to be studied in bioad abstract aspects. 


HVPERINsri.INIvM 

Harris' in 1024, Ino jears after the d!seo\er\ of insulin, predicted a 
s.'iidionie due to hi perfunction of the i.slands of Lniigerhans, analoirous 
•n npo- and h\ porthyroidism. iSuhse<iuenlli , he re[)orted five clinical 
nil obvious cases of hypcriiisulinisni In 1!)27 Wilder and co-noikcrs" 
•ejioilcd the first jiroved case which w.is due to caicmoma of the islet 
tissue of the pancieas with metastases Analisis of the metastatic tissue 
'• Staled a high insulin content Symptoms beuan three hours and 
niiniite.s after lunch, with a blood suuai \oluinc of mg. per cent. 

n"’ Vo rnhorsu, Coll.^, of M-ai- 
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which refrigeration is used, to decrease the temperatare of the part and 
thus decrease its metabolism in a relatively ischemic extremity, that 
vasoconstriction must be prevented. As has been repeatedly shown by 
many, vasoconstriction is best prevented by blocking the vasoconstrictor 
impulses which are carried over the sympathetic nervorrs system. This 
is probably accomplished best by repeated chemical sections of the 
sympathetic ganglia by means of novocain or by prolonged chemical 
section by means of novocain and alcohol. 

The correct amount of refrigeration in the younger individuals in 
whom the maintenance of viability of the extremity is desired is more 
difficult to determine than that in the individual in whom refrigera- 
tion is used as a preliminary to amputation. In the latter instance, 
the extremity is rendered totally ischemic by means of a tourniquet, 
and the extremity is packed in ice. In the former instance, this degree 
of refrigeration is midesirable and detrimental. For that reason it is 
imperative that the temperature be carefully controlled. In order to 
prevent actual injury to the skin by too intimate contact of the re- 
frigeration medium, it is desirable, if the cooling is accomplished by 
means of ice bags, that the extremity l)e wrapped in one or two layers of 
thin sheet wadding. It is preferable, however, that a refrigerating boot 
into which cooled air can be introduced be used. The degree of rc- 
frio'eration which is necessary probably varies in different cases. Gen- 
erally a Fahrenheit temperature of forty to fifty degrees is considered 
optimum. This can and should be maintained for long periods of time. 
It is important that when the refrigeration is discontinued it be done 
gradually, that is, that there be a gradual elevation in the temperature 
over a period of a number of days. In tliis way massive edema of the 
part can be obviated. 


■AUon OcJisner, M.l). 
New Oilciins, La. 
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erealic ^nicc euterin" llic intestine, normal fat absorption took place. 
This was clue, in all ])robabi!ily, to fiastric, intestinal, and biliary lipase, 
and bacterial activity in the intestine. Keimard' reported a papillaij 
eystadeno-carcinoma of the pancreas whieli showed mild diabetes post- 
operatively for ten months, the total follow-up period. Biuiness and 
co-workers® report a case of hyperimsulinism in whieli oral and intra- 
venous dextrose and insulin tolerance cuiwcs were used with consider- 
able aid in the diagnosis. Following removal of the adenoma, the same 
tests revealed a decreased tolerance to glucose. Thus it is seen that the 
surgery of hyperinsulinism is well advanced. 

E.VETY UVER IX KEUATIOK TO THE PAXCREAS 

The relationship between the pancreas and fatty liver has been 
known for several years. However, it is still incompletely understood. 
Fisher® in 1924 showed that insulin alone could not adcciuately maiir- 
tain depancreatized dogs iror enable the animals to completely recover 
their well-being. They were mrable to live for more than a short while. 
The most relative change seen at post-mortem was an associated marked 
fatty infiltratiorr of the liver. Siirce then, it has been definitely shown 
aird repeatedly coirfirmed that if raw pancreas was added to the diet, 
in addition to iirsulin, the animals could survive. Furthermore, the}'' 
could live for long periods of time and these chairges did rrot occur. 
Hershey'o in 1930 showed that 10 Gm. of lecithin added to the daily 
diet would preverrt the fatty iirfiltration of the liver. Best and Hunts- 
man’^ subsequently identified the active ingredient as choliire. Parr- 
ereatie extract contains in addition to the various enzymes, only a small 
amount of choline, which Dragstedt’’ showed was not sufficient to in- 
fluence the liver. He has heeir the most active proponent in favor of 
lipocaic as a hormone. This substance is contained in an alcoholic ex- 
tract of beef pancreas. Its effectiveness is not due to its choline con- 
tent since liver or brain, which contain large amounts of choline, are not 
effective. The effective amount of choline is 2 Gm. per day, whereas 
100 Gm. of raw pancreas, tire effective dose, has only one-sixteenth the 
required amount of choline. Dragstedt holds the external pancreatic 
secretion to he important, but not the factor in the prevention of fatty 
liver. He found that, in depancreatized dogs on a balanced diet and 
sufficient insulin to control urinary sugar, fresh active pancreatic juice 
by mouth did not cause the disappearance of fatty infiltration of the 
liver and return of blood lipids to normal. After sLx to eight weeks, 
the requirements for insulin are reduced to two to three units daily; 
the sensitivity to insulin meanwhile increases greatly. The obvious ex- 
planation is decreased glycogen storage in the liver, which occurs con- 
currently. Progressive emaciation, weakness and enlargement of the 
liver occur. If lipocaic is given to the animal in this stage, the liver 
promptly decreases in size, and the architecture returns to normal. 
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One hour later it was 27 mg. per cent, the patient meanwhile becom- 
ing stuporous. Wliipple and Frantz^ in 1935 estahlislied the diagnostic 
triad of symptoms: (1) nervous or gastrointestinal symptoms appearing 
in a fasting state; (2) blood sugar readings of 50 mg. per cent or 
less; and (3) immediate relief by administration of glucose. The symp- 
tomatology is rendered more complex by the known interrelation of tlic 
pituitary, tliyroid, adrenal, liver, and sympatlietic nervous system in 
sugar metabolism. 

The statistics of operative results are truly impressive. In "Whipple's^ 
collected series of 82 cases there was a mortality of 16 per cent, or 
thirteen patients. Sixty-two of the remaining sixty-nine were cured of 
their spontaneous hypoglycemia. These figures show further improve- 
ment when we consider that a second operation or autopsy report will 
often disclose a tumor in a portion of the pancreas which was not obvious 
previously. David= says, "this would strongly imply that it is exceed- 
ingly hazardous to assume with careful selection of patients witli hypo- 
glycemia that a tumor of the islet cells is not present." A blind sub- 
total resection of pancreatic tissue may afford relief in the indicated 


case by revealing a tumor -well imbedded, by revealing hyperplasia of 
islet tissue, or by decreasing the amount of insulin-secreting cells. For 
this piu'pose it is estimated that from Iw’o-thirds to four-fifths must be 
removed, allowing 60 to 90 Gm. as the normal weight of the pancreas. 
In David’s collected cases he reports on a series of patients in whom no 
tumor w'as found at operation, but a portion of the pancreas was resected 
instead. In twenty-two the tumor was revealed at pathologic exam- 
ination. The results were successful as one Avould expect from the re- 
moval of the tumor. In another group of IS cases having S to 28 Gm. 


removed where normal pancreatic tissue or hyper]>lasia was found, 
ci"ht patients were unimproved and four died. However, in a third 
o^TOUp of 17 cases strictly satisfying the criteria of the disease where 35 
to 60 Gm. were removed, eleven juatients were cured, one improved, 
four unimproved, and one died. These last figures are most Impressive 
and seem to indicate a definite avenue for future progi-css. Proper 
surgical exploration reciuircs competent examination of the anterior 
surface of the pancreas, including reflection of the dc.sccnding jiorlion 
f the duodenum to expose the head of the ])aiicrcas adequately, and, 
nccessaiT- incision of the gastrocolic ligament or transverse mesocolon. 
Whipple and Bauman'’’ report a definite tendency to a diabetic glucose 
Ve curve in patients with liyperinsnlinism due to pancreatic ado- 
toeian ^,pfQ].c ,and after removal. Conceivably, the hyperactive 
nomas, ) i ,.p^sed the function of the remaining islet tissue. They 
adenoma fasting blood .sugar figures. Conversely, in 3 eases 

place more ' ,1,^. p^mreas was removed the same tendency 

where apparently the enormous reseiwe eorreeled the toler- 

was manuc.s . > * several eases, after operation with no pan- 

ance within two jeans. 
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from five aiul five-tenths grains of raw pancreas Yliicli will accomplisli 
the same wlien "ivcn by moutli daily and has only 100 nijr. of choline. 
Oh\'ionsly, in this traction, it is not the choline which is curative. Kauer 
and nienn'" studied ten doirs with 17 per cent to 84 per cent of their 
])anereas removed. One animal with 66 per cent removed had a fatty 
liver transiently. Another with 71 per cent removed showed this 
definitely. One with S4 per cent removed did not show the usual fatty 
degeneration, but it developed diabetes. In eon.irenital pancreatic 
steatorrhea or fibrosis and atrophy of tlie i)ancreas, the only tissue 
affected is the acinai- ti.ssue, and not the islets, yet fatty liver is a 
prominent feature. Cole and Howe’® report a case with a severe degree 
of focal necrosis, atrophy, and fibrosis of the pancreas involving three- 
fourths of the pancreas with normal islet tissue and fatty infiltration of 
the liver. Their opinion was that lipoeaie was effective, l)ut had not 
established itself since vitamins and lecithin wore equally effective. 

The Council on Pharmacy and Chemistry of tlie American iledical 
Association,''’ in considei'ation of lii)ocaie, suggests tliat further investi- 
gation will be required to identify the active substance. Also, its u.se 
is considered highly e.xperimental. Finally, since the freciuent associa- 
tion of varying degrees of pancreatitis with gall bladder disease is now 
well-reeognized, it may be deemed increasingly important to protect the 
liver with lipoeaie or pancreatic juice. 

.SECRETIX 

A stud}- of the external pancreatic function of the pancreas has in 
the past been prevented by seeminglv insurmountable obstacles. The 
secretion was inaeces.sible, a standard stimulus was lacking, and the 
juice finally obtained was invariably grossly contaminated with food, 
gastric contents, and the chemical stimulants used. With the introduc- 
tion of secretin by Hammarsten and co-woi'kors,^" a potent jiancreatie 
stimulus, without histamine or allergens, was made available. Diamond 
and his group-' have continued the woi’k in this countrv. The results 
have been so definitive that the secretin test may now rank to be as 
informative as the 'gastric test meal. A double gastroduodenal tube is 
used to collect the pancreatic juice and remove gastric secretions. This 
last is important in preventing the normal phvsiologic secretin mecha- 
nism from operating while the test is being performed. The recent 
"ork in tliis subject has been reported by Diamond and Siegel-- who 
ha\e studied pancreatic volume, bicarbonate, amylase, trypsin, lipase, 
and blood amylase and lipase. With experience, there are no difficulties 
to the method. Fully one-half of the tests performed have been done 
m the office. Essentially, a double tube is passed so that one portion 
lemains in the stomach and another remains in the duodenum. Gastric 
an duodena] contents are removed with a suction of 50 mm. of water 
unti a basal flow is established for twenty to twenty-five minutes. Secre- 
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Also, the animal is no longer sensitive to insulin and indeed requires a 
larger amount of insulin to balance urinary sugar. 

McHenry and Gavin’^ studied fat metabolism and syntliesis in rela- 
tion to pancreatic and liver extracts. They found a marked increase in 
body and liver fat containing a large amount of cholesterol due to syn- 
thesis in rats on a fat-free diet when they fed a liver fraction containing 
pantothenic acid and factor W. The above could also be accomplished 
by a diet containing thiamine but low in choline. The fatty liver of llio 
thiamine diet would easily be prevented by feeding choline. Tlie type 
due to the liver fraction was prevented by feeding lipocaic but not by 
choline. It was thus obvious that in this experiment the lipocaic did not 
function by virtue of its choline content, but perhaps because of its 
protein content. Brewer’s yeast was incompletely effective in prevent- 
ing fatty liver of this type, while rice-polishings concentrate was com- 
pletely effective. Admittedly, the fatty liver in the depancreatized ani- 
mals is not definitely similar to that produced by the liver factor. Since 
rice polishings and yeast will prevent the fatty liver in these experi- 
ments, it is suggested that lipocaic is not specific enough to be called a 
hormone. Jfontgomery and collaborators’’' made an attempt to de- 
termine whether lack of the external secretion of the pancreas caused 
fatty disease of the liver, since both panci'eatectomized dogs and pan- 
creatic duct ligated dogs invariably developed fatty infiltration. In 
a group of sixteen dogs, eight were ligated, of which four were controls, 
and eight had panereatoctomy performed, of wliich three wei'c controls. 
The treated group were fii-st fed raw pancreas until their strength re- 
turned and then were fed pancreatic .iuice from animals with Elman- 


McCaughan fi.stulas. Twenty weeks later the control group liad fatty 
livers in which the fatty acid content varied from 15.1 per cent to 20.5 
per cent, whereas, the others showed 3.11 per cent to 7.0 per cent. Both 
limted and pancreatectomized groups wcj-e o.ssentially the same. From 
these experiments one would conclude tiiat it is the external ])ancrcafic 
secretion which maintains normal lipid level of the liver. However, 
there is .still the possibility that the final effective })roducl is the I'csult of 
the interreaction of pancreatic secretion and intestinal miico.sii. The 
authors feel that it is not a pancreatic hormone. Bnfenman and co- 
workers’-’ found that the cholesterol, phosi)liolipid, and total fatty acid 
of the blood can be raised from its low level and ijc maintained at a 
■mal figure in duct-ligated and pancreatectomized dogs by the daily 
stion of pancreatic juice. However, Kjilennnin and GhaikofT"'- Jiave 
that 36 "i-- <’iioline per kilogram i)er day jire sufficient to 

Hioun^ deposition of abnormal amounts of lipids iti tbe livers of 

picren maintained on insulin even uji to five mf)uths. In 

depancioa fecdin!r.s of raw j)anereas, 2.)f) (!m. eontai/i 575 mg. 

their stu les^^ chemical which exerts the curative or fue- 

of choline an • pancreas fraction of one gram, derived 

ventative eftect. 
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crealie tissue give values hclow that of sevuni. The concentration of 
bicarbonate ions occiu’s in the cells and is derived from plasma. ling.- ' 
in studying secretion of sulfanilamide by the pancreas after seeretin 
or pilocarpine, found it to vary between 73 to 77 per cent of the blood 
concentration, Thomas and Cridei’"” studied the sceretagogue effect of 
products of protein digestion on the pancreas. They found the peptones 
])owerful stimuli of certain functions of the gland. "While the volume 
was increased, it was inferior to tlie action of hydrochloric acid. The 
active secretagogue was not identified, but the purified jiroteoses and 
some amino acids wei'c effective. Since the result was a different secre- 
tion than that from secretin, it is suggested that the mechanism is nerv- 
ous and similar to “vagus juice,” ‘‘pilocarpine juice,” ‘‘i)sychic .scci’c- 
tion ’ and that following mecholyl. Comfort and Osterberg-’ studied a 
series of pancreatic stimulants with the purpose of detcrminuig tlic 
mo.st pi-aetical for studying the pancreatic juice. Yitamin A and starch 
did not produce any apparent effect. ^Mecholyl was as potent but a 
more uniform stimulant than casein, fat. or prostigmine. Secretin was 
the choice stimulant for the study of fluid and bicai’bonate output, and 
gave as satisfactory information as the others about the enzymes. Secre- 
tin and mecholyl gave the maximum “all out” stimulation since tlie 
hormonal and nervous mechanism was utilized. This latter combina- 
tion appeared the most satisfactorj' to study the maximum output of 
the gland. The injectable stimulants have obvious advantages over the 
foods as they avoid contamination and are measured more accurately. 

-VeUTE PANCREATrriS 

Cliiude BernartT® in 1855 was able to produce typical acute pan- 
creatitis with the injection of bile and olive oil into the pancreatic duct. 
Opie^° in 1903 demonstrated the relation between an impacted .stone 
m the ampulla of Vater and acute pancreatitis. His was the first suc- 
cessful attempt to cause this disease by lodging a stone in tlie ampulla 
so that the biliary system and pancreatic ducts were converted into a 
continuous channel. Prom that time, it has been conventional to regard 
as the “modus operand!” the activation of trypsinogen in the pancreatic 
ducts by bile. Following this train of thought, the now active enzymes 
proceed to digest the pancreatic cells and supporting network with the 
liberation of additional trypsin. Eventually, blood channels arc opened 
uith hemorrhage and infarction. As a result the gland is torn and addi- 
tional acini are opened with the libei'ation of further enzymes continuing 
t e cycle. Cameron and Noble-® did much to settle the anatomic basis 
or the reflux of bile by impacting a stone in the ampulla and injecting 

fhey found a continuous channel. Reflux 
0 )ile may not only occur due to the impassable stone, but it is now 
generally felt that dyskinesia of the ampidla or local edema of the 

uoc enum may be a prominent factor. Simple variations in the pressure 
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lin is thou iiijcotod iiilravonously in tiosai'o of OJo ])cr kilogram 
of body woiglit. S])0(;iitioiis arc collooled at intervals for sixty ndiiutes. 
Iinnu'diatoly following the injection, a sliar|) increase in the How of 
panerealice juice is obvious, reaching a inaxiniuin in ten minutes and 
gradually decliidng to the basal level in sixty to eighty minutes. The 
total outinit of volume, bicarbonate, and enzymes is tremendously in- 
creased though, due to dilution, the coneentration of the enzymes falls. 
Tt. has been established that many eases of chronic cholecystitis have 
chronic jiancreatitis. Of seventeen ])aticnts studied, those with compli- 
cations had abnormal tests. Acute i)ancreatitis gave grossly ahnonnal 
results comi)arat)le witli the degree of involvement. In addition, the 
degree of recoA-eiy could he followed. In obstructive jaundice the test 
was of sjjecial value. Carcinoma of the head of the pancreas gave very 
low figures. 'With atresia of the common duct, or carcinoma of the bile 
duet the amounts were from slightly diminished to normal. Also studied 
were cysts of the pancreas, cirrhosis of the liver, toxic hepatitis, acute 
vellow atro])hy of the liver, steatorrhea, diabetes, and a miscellaneous 
group. The tests revealed many instances of unsuspected pancreatic 
disease and showed decreased imncreatic function in many diseases 
which, heretofore, were not thought to atfect the pancreas. 


PANCREATIC .SECRETIONS 


Tucker and BalP“ attempted to determine the role of carbonic an- 
hvdrase in bicarbonate secretion by the pancreas. If this enzyme eata- 
Ivzes the change from carbon dioxide to bicarbonate, its destruction 
should markedly influence the rate of alkali formation. Accordingly, 
sulfanilamide and thiocyanate were administered while the pancreas 
was under maximum stimulation and output following secretin. Re- 
sults indicate that sulfanilamide did not inhibit pancreatic flow or bi- 
carbonate concentration, though the concentration in the cells was in 
the usual ratio between that of the blood and pancreatic juice. To ex- 
lain contradictory reports, it was found that extracted carbonic an- 
hydrase was inhibited by sulfanilamide when the enzyme was prepared 


r other tissues. However, in the cells, sulfanilamide was 


from pancreas or 

'tl ut influence on the pancreatic secretion. As the output of biear- 
' te by the gland was larger than could be explained, at least part 
f the bicarbonate must arise from cell metabolism. Thiocyanate gave 
• '1 • -esults until toxic doses were given. Ball and collaborators”'* 
simi bicarbonate made from radioactive carbon. The 

injecte m .^yas increased in the juice four to five times 

radioac ive Since radioactive sodium is approximately the 

that of the seium- 

same eon 
the total 


t • tion in the pancreatic secretion as in the plasma and 
same dioxide has the same ratio as the radioactive bi- 


carbonate, Analyses of total carbon dioxide of pan- 

the source of bicaro 


conclude the metabolic carbon dioxide is not 
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in blood enzymes. When the pancreatic duct was tied and Inic wa.s in- 
jected distally, the rise in blood amylase was ol)vious in five to ten 


minutes. This was seen mainly in portal blood and to a lesser dejrrec in 
the lymph of the thoracic duct. Edmonson and Fields" reported a 
patient with acute pancreatitis who showed shock and tetany. Since the 
carbon dioxide combining })ower wa.s forty-seven volumes per cent it was 
not due to acidosis. Reasoning that with fat necrosis neutral fat is split 
into fatty acids and glycerol, calcium could be removed to form soaps 
with fatty acids. Studies showed that tlie blond calcium may fall be- 
tween the thii'd and eleventh day. As much as 1,732 mg. of calcium 
may be present in two kilograms of the pancreas and adjacent fatty 
tissue. Lewison" found an incidence of pancreatitis of one in one thou- 
sand. In a study of blood amyla.se figures of 35 cases, he felt strongly 
that the blood enzymes were diagnostic. The rise in blood amylase 
must be sought for early as the elevation is only transient and disappears 
in a week. Rhodes^’ believes the blood amylase figures arc of the gi'eatest 
values early in the disease, but fluctuate widely and should be frequently 
repeated. He has made the observation and I have always believed that 


subsequent readings may be subnormal as the gland is increasingly de- 
stroyed. He also reserves surgeiy for those cases with .supervening 
sippuration and not the acute, mildly, or severely ill patients. However, 
his specific reason is that a cholecystectomy does not drain the pancreas, 
except where a common channel exists, and this supposedly in a small 
number of cases. Popper and Plotke'*^ .studied blood amylase and lipase 
following intravenous injections of commercial tiypsin containing large 
amounts of amylase and lipase. They also replaced 60 per cent of a dog’s 
blood with that of another animal suffering from experimental acirte 
pancreatitis. In another gi'oup, acetyl-^ methylcholine and eserine wei’e 
injected and the blood enzj-mes e.stimated. The results were applied to 
acute pancreatitis in man. In a relatively slightly damaged pancreas 
t e blood enzymes are eliminated rapidly. A high level over several 
ajs indicates a continued replacement of blood amylase and lipase and 
a severely active pathologic process. 

Ephedrine and atropine should be used as medical treatment to stimu- 
ate the sympathetic nervous system and decrease the vagal secretion 
0 t e pancreas. A stomach tube will remove the normal physiologic 
Kaufman and Calhoun^’ advise early surgery routinelj-. 
casus, 28 were subjected to sui-gery with a 42 per cent mor- 
oVr*' ’^^^Ktcen were given medical treatment, with a mortalitj- of 
■f • Although the results of surgeiy were inferior, they feel 

as more seriously ill patients were operated upon. 

10 ecjstostomy with later removal and drainage down to the pancreas 

allmvLr^n- • tract pathologj- is found, a decompression is 

from (in opposed to tliis, Nordmann ’s^"' mortality dropped 

per cent to 24 per cent under conservative therapy, ilikkelsen" 
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oT tli(’ cDiiiinon pimcrrnlic duct may allow tliu I'cady mixiiu: of liile, 
panci'catic juice, and duodenal coiitcuts in tlio j)ancrcatic ducts. Archi- 
l)ald'’' is a strong? lU'oiHUicnt of the. tlicory that spasm may cause reflux 
into the ])aucrcatic duct, lie had observed tlie am]iulla to close immedi- 
ately upon the ai)i)licatiou of acid or "au/.e. Jle also found that in- 
creased ])iT.ssure in tin' f:all bladder, caused by bile or saline solution, 
would close the ainjndla with roiiurfritation into the ])ancroas. Indeed, 
the reverse is also true since Diamond and Hienel, and Colp and 
nouhilet'- have found active pancreatic enzymes in the bile from com- 
mon duet drainap:e. To prevent the spasm from operating, Archibald 
now cuts the .s])hineter thi’ou.erh tlie duodenum, jfowever, it would seem 
that the sphincterotome as used by Colp and Doubilet'’^ mifrht simplify 
this. Archibald, unable to demonstrate di^e.stion of the pancreas by 
try})sin or tryi)sino':cn in vivo or in vitro, objects to the bile-activated 
try])sino^en theory of acute i)ancreatitis. By injcctimr infected bile 
into the i)ancreatie duct in small <iuantities under very low pressure, he 
was able to ju’oduce intense edema of the ])ancreas with subscc|uenf 
necrosis. Pancreatic tissue placed in bile showed the most rapid autolysis 
aufi difre-stion. Colp and Doubilct"* have shown that infected bile has 
a "reatcr content of bile .salts and Floxncr has demonstrated that it is 
the bile .salts which cause the most rapid necrosis of normal pancreas. 


SmytlP'' lias revealed the importance of tlie vascular factors. After 
injectinji drojilcts of mercury into the arteries of the pancreas, t.vpical 
area.s of acute hemorrhagic pancreatitis develo])ed in each animal. How- 
ever, the.se were focal or multiple focal with no resemblance to the 
spreading type. Rich and Dutf-^' .subscribe to the vascular basis of acute 
jiancreatitis. In their monumental work, they demonstrated that 
activated tryp.sin could cause the varying degrees of pancreatitis depend- 
ing- upon the amount liberated. Lynch''® reported IS cases of pancreatitis. 
Of these, 3 were due to vascular occlusion -with massive necrosis and 
hemorrhage. Seven eases of ditfusc and focal pancreatitis did not clearly 
demonstrate the clinical cause, but definitely suggested small vessel 
occlusion, duct obstruction, or local infection. The 8 that remained were 
obviously due to obstruction somewhere in the pancreas, though the exact 
site could be demonstrated in only 4. Lynch attributed the condition 
to duct-cell metaplasia with obstruction due to the heaping up of the 
'thelial cells. IMany fine plmtomierogi-aphs illustrate these nodules 

o-roAvinff into the ducts. 

The lymphangitis theory as expounded by Leaver and Sweet®® is no 
• supported though it gave a very facile explanation. A lymphatic 
longei - I pommon duct to the head of the pancreas lias not been 
route from nw 


demonsttc j,j(,(>lieles®‘’ found that the lymph, portal, and pcriiiheral 

the same amount of amylase and lipase in fasting dogs. Pol- 
blood hau . ino to 200 eat units of secretin there avas a rise 

lowing the injection of lou 
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reported a 7.5 per eeiil iiun'lalily in 3fl enso.s treated cxpeelautly, al- 
thoupli 50 ]ier rent w('re aeuloly ill. However, eliolccy.stostomy is still 
])opu)}ir. I believe that it is mo.st imj)or(anl not to remove the gall 
bladder as this may be urgently needed for aiiastoinosis later. 

Waltci'S and Clcvebnub^ find the only useful tests of panercatie func- 
tion are blood enzynu's, lipase, and amylase, study of jianercalie ferments 
with or without .secretin, and studies of the urine and stool.s. 


ACUTi: rAXCKUATiTis Axn diahetus 

We arc most ]n'onc to consider only the external secretory function 
of the i)anercas in acute j)anercatiti.s. ^Yl)ilc most of tlie pathology is 
localized in the ducts and acini of the ))anercas. the islet cells are often 
more than temporarily damaged. Hlany mild diabetics are made worse 
and often this disease owes its inception to indammation of the pancreas. 
Shnmaehcr’'' in a scries of IS cases rcimrlcd 27 per cent showing 
glycosuria during acute pancreatitis. A mild diabetic who suddenly, 
with little cause, developed a severe, intractal)le diabetic coma was found 
to liave pancreatitis at autopsy. Lynch cites post-mortem results of a 
woman who had diabetes nine years previously with apparent recovery. 
Hero was marhed scarring of the pancreas, with obliteration of acini in 
some lobules, although ducts and islets were present in these areas. A pa- 
tient whose case I had the opportunity to follow suffered a severe sup- 
purative pancreatitis. The secretin test revealed the most mai’ked dimi- 
nution of pancreatic function I had seen. At no time was diabetes 
present during the year she was observed, though anotlicr mild attack of 
])ancrealitis occurred. 

COXCLUSIONS 


1 A definite avenue for future progress lias been indicated in surgery 
of the pancreas for hyperinsulinism. 

9 The status of lipocaic as a hormone has been evaluated, indicating 

it is still in the experimental stage. 

3 The secretin test has denliite value in the study and diagnosis of 


nancrcatic disease. 

4 Acute pancreatitis should be treated conservatively. Tlie etiology 
of this disease remains controversial. _ 

Diabetes has a definite relationship to inflammation of the pancreas 
and may be initiated by acute pancreatitis. 

f 1 . cVnowIeclgnient is extcncleO to Dr. Frank Co-Tui for his kind assistance. 
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of laxity ia <me or the other of the .«ncroiliac joints. It requires that three 
films he taken ceuteriup over the symphysis piihis; One with the patient .stnuvl- 
ing with weight equally tlistrihnted on both feet; one with the patient standing 
on the right foot alone, and finally on the left foot alone. In the presence of 
laxity of a sacroiliac joint, there will bo a slight rise of tlie pubic bone on the 
atfected side. The author felt that in a .series of 144 ease.' studied, the technique 
had been most helpful in discovering the presence of this lesion. 


Austin Moore, Columbia, S, C.: Vitallium Replacement of Upper Two-Thirds 
of Femur, Following Nailing for Non-Union of Neck of Femur, Subsequent Bone 
Graft for Giant Cell Tumor and Finally Resection of Bone.— -This )irosentation 
was given in the form of a motion picture iilm. Because of the aggres.sjvo nature of 
the tumor in the trochanteric region of the femur, the autlior felt it was neces- 
sary to resect the entire upper third of the femur including the head and neck. 
This area of bone resected was replaced with a vitallium mold which was then 
attached to the distal femoral fragment. The technical details of the operative 
procedure were shown. The end result which depicted the patient walking on 
the extremity wa.s startling indeed. The author pointed out several defects in 
the procedure discovered during the course of ob.servation and suggested im- 
provements which might be used to advantage in other siroiiar cases. The 
successful replacement of such a largo defect in a weight-bearing bone, %vith a 
vitallium mold, will certainly open a further field of reconstructive surgery. 


H. Alvin Jones, Baltimore, Md.: Congenital Synostosis of the Cervical Spine 
(Klippel-Peil Syndrome) — Study of Case Reports. — The author summarized 
the findings in some 31 cases studied. The nature and theories as to the etiology 
of the defect in the vertebral column were summarized briefly. He feit that 
the deformit}' resulting from its presence could be minimized by early recogni- 
tion, prolonged physical therapy, and adequate brace support. Photographs of 
several cases treated in accordance with this plan were shown. 

Major Leonard Peterson, U.S.A.: Two Cases of Interscapulothoracic Ampu- 
tation. ^The technique of an interscapulo thoracic amputation was reviewed. The 
author then presented the case histories of two patients so treated at Walter 
Reed Hospital in Wasliington, D. C. The first ease was that of a Ewing tumor 
involving the upper third of the humeral shaft. Early metastatic lesions in the 
lungs were reported. The second case, a patient with a fibrosarcoma of the 
shoulder girdle, was .apparently successful in arresting progress of the lesion to 
date. A prosthesis had been furnished to compensate for the cosmetic deformity 
of the slioulder. End result photographs showing the patient dressed gave a 
'■ery satisfactory impression. 


William Rogers, Boston, ilas.s.: The Treatment of Fracture and Dislocation 
of the Cervical Spine. — ^The author advocates a radical departure from the usual 
method of treating fracture dislocation of the eer\ieal spine. He feels that the 
re.sults from prerious conservative traction and prolonged immobilization have 
not always been satisfactory in pireventing recurrence of tlie dislocation once 
support has been removed. Furthermore the length of recumbency can be ap- 
preciablj shortened without danger if his regime is followed exactly. The essen- 
tial steps in the propo.'-ed method of tieatment are as follows: (a) The u.se of 
a mechanical Thomas collar for protection until an accurate x-ray examination 
•as been made and studied, (b) Skeletal traction, the first step in actual treat- 
ment, is applied as quickly as x-rays are taken, to safeguard the cord and roots 
against further injury, and to pave the way for complete reduction. The usual 
measures are taken to minimize complications during the next several davs. 



Review of Recent Meetings 


KEVIKW OF 'I'lIK i\lKKTJ\ri OF THE AMERICAN ACADEMY 
OF Oiri'IKJPEDlC RUKOEONS, TENTH ANNUAL CONVENTION, 
ATLANTIC CITY, N. J., JANUARY 11-15, m2 


Fu\nk J Cox, M D., Ni:\v Oiti,r\Ns, La. 

(I'rom tht Dipnitmint of Sttniirii, School of ^^rlhclnf, luktnr Vniiernty) 

T in; TKXTir Annual rnn\unttoii nf tin- Amcrunn Atndcinj of Orthopedic 
Surgeons was held in Atlantu Oitj, N. .T., January 11 to 1~>. During this 
meeting an innoiation uas made in the general jirogrnm, a ‘•one*- of instructional 
courses lieing gueii in carious suhiccts related to the licld of orthopedic surgerj. 
Adinnco registration uas rccjiiired for iittcndance at these courses Mane fax or 
able comments weie made regarding their general e\(ellenee 

The scientifii iirogram aas initiated .Taniinry IL’ The following presentations 
were gnen. 


Edwin Weinberg, Baltimore, ^fd : Two Cases of Late Kupture of the Extensor 
PoUieis Longtis Tendon Pollowing Colles’ Fracture — \ short renew ot the lit 
eraturc on this rare t.xpe of lesion was given The rupture apparentlj occurs 
as a late compluation its relationship to the oiiginal injiirv and the importance 
nf carlv leeognition ind icpair of the defcit m the tendon weie pointed out. 
r\( client results were obtained following delavcd lepaii in the two cases pre 

seated. 


0 A Engh, AVashington, D C • The Steinman Pm m Fracture Fixation— The 
•uith'or jircscnted a senes of cases where Steinman pins weie used widely to mam 
tain position of the fiactuie fiagments The main emphasis was laid upon the 
isertion of the pins in an oblique diiection, and then ineorpoiation of the pms 
t r Bv this means more rigid fixation at the fracture site was assured, 
•”i*tlie possibilitv of lotation about the pins, or motion between the skin and 
/'stcr edge ’niimmnied. A senes of illustrative cases showing the lesults 
tF^wetliod as used by the authoi weie pieseiited On the whole the lesults 

appeared satisfactory. 

Emutenant Commander Robert Mazet, Jr., U S N A Report of Thirty Cases 
^ . -u -nesiccans — The ^a^lOus theories athanced to explain the 

<“ 1“« ».'• o~' '»”•> « ■»”<«’ »»‘ •“ 

ctiolog) 0 ommoiilj caused the initiation of symptoms, it piobably was 

though tr.iuma lesion The niajonty of the cases shown 

not alvvajs le -i^nec joint The advantage of injection of air into the 

were localirci m ^ loose body more accurately was brought out in one 

knee joint to oca fomily good results weie obtained in all cases following 

r me Ollmc.1 U.(, o, th. munb.r. 

Randolph ^ Examinations — The Chamberlain technique of via} e\ 

lain Technique m ac pain is designed to diseo\er the presence 

anunatiou m the study ot 
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his own inetho*! of ropniring a rcenrront iHslocation of the shoulder %Yas equally 
satisfactory and techmeally a luuch easier operation than Bankhart’s procedure. 

William X. Green, and Sidney Ferhcr, Boston, hfas.s.: Eosinophilic or Solitary 
Granidoma — Is It a Hew Disease? — ^The authors presented their findings in a 
scries of 12 cases followed over a period of yoar.s. Tlic disease process was 
uniformly charaeterir.ed hy localized destruetivc lesions of bone which were 
cither single or multiple. In the single lesions, the defect seen on x-ray was 
identical with that of solitary bone cyst. In the multiple lesions, the distribution 
and roentgen appearance rcsoiubled that of metastatic maligiianey or myeloma. 
One case showed twenty-six areas of involvement of tho skeleton. The disease 
in all cases was limited almost comiiletely to a destructive lesion in the skeletal 
system with no reactionary bone formation. 

Careful eliuical observations and biopsies were made in all instances. The 
lesions seemed to conform to the picture recently described ns a new disease, 
"solitary granuloma of bone." The authors prc.sented as their opinion, that 
this process was actually a variation of the same basic disease represented bj- 
Sclmller-Christian’s or I.,ottercr-Siewe’s disease. A most interesting scientific 
exhibit was shoivn to substantiate their conclusions furtlior. 

Robert L, Carroll, Los Angeles, Calif.; The Bate and Amount of Increase in 
Muscle Strength Eollowing Infantile Paralysis. — A studj' of early and late after- 
effects of infantile paralysis in 1500 cases was made under a grant from the 
national Foundation for Infantile Paralysis. In judging the degree of residual 
paralysis Dr. Bowman’s scale of 0-9 was used throughout this study. By means 
of statistical analyses an effort was made to determine the general pattern of 
return in muscle strength. The conclusion reached was that the greatest in- 
crease was found in the first six months after onset of illness, the average 
degrees of improvement representing three points on the Bowman scale. During 
the period from six months to ten years after onset, approximately one point 
more increase in muscle strength was gained. Though most of these patients 
did receive prolonged physiotherapy, no conclusion was drarvn bj- the author as 
to the efficacy of these measures in promoting more rapid or complete return, 
of power in any ease. 

Mather Cleveland, and David M. Bosworth, New York, N. Y.: A Study of 
Gross and Microscopic Lesions in Tuberculosis of the Spine. — Tho authors showed 
an extremely interesting scientific exhibit in conjunction with this presentation. 
They had collected a series of proved cases of tuberculosis of the spine with pre- 
opeiative roentgenograms, gross specimens obtained at autopsy, aud films taken 
of the gross specimens after removal from the body. Following careful study 
of this material they felt they could state definitely that tuberculosis of the 
spine always appeared in one of two fashions: (a) as a process of caseation 
and necrosis in the body of the vertebra itself, the result of local emboli of 
tubercle bacilli, or (b) as an area of sclerosis in the body' due to interference 
with the blood supply to this area which interference in turn could be attributed 
to .stripping of the soft tissues from its surface by a spreading abscess. Since 
t ere were no ve.s.sels entering the intervertebral disk they felt that it was 
impossible for an embolus to reach this point, hence the opinion that narrowing 
"f intervertebral space represented one of the early signs of tuberculosis 
o t o spine was erroneous. “When involv’ement of the disk appears the process 
IS .a ready widely established in the adjacent soft tissues and probably vertebral 
miles also. The earliest signs of embolic phenomena in the bodies of the 
\rh ^ wrere therefore due to the resultant caseation and local necrosis which 
u en lie wed on the roentgenogram appeared as areas of mottling. YThen the 
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As .soon IIS (lie imlioiit’s {{om'rni oondilion will warriint (o) an open operation 
IS (loiio anil (lie risliution (oinplrlcd. (il) Inipriinl fixation of the dislocition 
is nssnied lij (lie nso of an atitn(,'(>nous lioiie ^raft senircd with ivirc. (c) AVlieii 
woniii! Iioalinf,' is loiriplito an ainlnitiitory liraio is fitted and worn. The author 
feels this niethod is qiiile ns e/Iieient ns (ho older fjpc of prolonged plaster fi\a 
lion, jiarlieiilarly since the graft is hniilj fixed in situ. A series of esses <-0 
lien led wi're riniewed. 

Rudolph S. Retch, Cle\ eland, Ohio: Treatment of Rlexlon Deformities of the 
Knee. — The author rexiewed liriefly the xanoiis causes leading to the dcxelon 
iiiont of a flexion dcforinitj of the hiicc joint, and x Diced a plea for more wide 
spread dissemination of knowledge ns to the necessity of preienting their oc 
iiirreiuc. He emphasised the point thnt the luaionty of these deformities can 
he ciisilj axoidcd if proper splinting is furnished the patient during the acute 
singes of their illness 'When the contrncture had bccoino fixed and there was 
110 eoiitraiiidieation to surgical correction, the nuthor felt that lus method of 
correction Imd proxed xaluable He adxiscd exposure of the posterior aspect 
of tlip thigh and popliteal space througli txvo incisions, one oxer the biceps tendon 
laterallx, and the second along the lateral edge of the semimembranosus tendon. 
Through the lateral incision the tendon of the biceps femons muscle is isolated 
and a Ztjpe leiigthcning done. Through the medial incision the internal him 
strings are lengthened and a check made on the degree of extension obtained. 
If further correction is needed the origin of the gastrocnemius is stripped loose 
from tho femur. As a final measure only, is posterior capsulotomy of the knee 
joint adxocatcd. Tho author stressed tho fact thnt xvith this tjpe of exposure 
a bettor xiew- of tbo posterior portion of the knee could be obtained, and a more 
rational attack made upon the xarious factors causing the contracture to persist 

Rredenc C. Bost, and Verne Inman, San Prancisco, Calif.: Pathology of Re- 
current Dislocation of tho Shoulder: Report of Bankhart’s Operative Procedure 

Bankhart reported the pathology of recurrent dislocation of the 

shoulder" ns proxed by him in 27 consecutixe cases. The lesion consisted of a 
tear of the glenoid labrum and the repair of the dislocation xvas effected bx 
reattaehnient of the glenoid labrum. 

The authois report xenfication of Bankhart’s findings, based upon anatomic 
studies and clinical obserxations in 10 cases operated upon for recurrent dis 
location of tlio shoulder and repaired according to Bankhart ’s technique Thex 
nomted out the fact that the presence of a defect in the glenoid labrum could 
b demonstrated in sexeral of tlieir cases by \ raj xiews taken in a tangentnl 
d ne The' difScult.x encountered m obtaining exposuie of the glenoid labium 
•iVlhe time of opeiiitioii was pointed out as constituting one undesiiable feature 
'of this particular t.xpe of lopair. 

Touhek Nicola, Montclair, N J., m his discussion of this paper described a 
f experiments done by him on cadnxers attempting to reproduce a clis 
senes o jj„nieral head His conclusions were two: (a) If the humerub is 

location 0 ^ impinges against the acromion and tho force is 

merely a ’ the shoulder joint tears loose fiom the humeius or the 

tontiiiuea, ‘ how oxer, in addition to the abduction foice, an 

neck of the scapu ^ capsule tears from the glenoid labrum In four 

impaction force is of the shouldei exploied at operation, these expen 

cases of acute is o ^ohoiated He felt that any dislocation of the shoulder 
mental findings were co^^ 111 the glenoid labrum would tiredispose toward a ic 
associated with a e e one associated with a tear of the capsule 

current dislocation ot f the scapula xrould not do so The author felt that 

from the humerus or neck 
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The clinical imprc'-'-ioii's of the author were lorrohorated by similar observa- 
tions reported by Alau Deforest Smith of New York Citv , Edward L. Compere 
of Chicago, and Walter Blount of Mtlwankco 

Phihp Lewin, and Loius Scheman, Chicago, 111 ; Experunental OsteomyeUtis. 
The authors prc'cnted a prcdinunary report on the o\ponmeiital proiliution of a 
le-ion simuliling hum.m o'-tooiiucditis. Thev have ii'-cd a broth siilture of .Sin 
phylocoiius nur(U\ origin illv obtained from a patient with heniatogenou"- osteo 
nivelitib and siib'-equently jiusved through niniiv rabbit'- In the earlv work 
rabbits were ii'-cd c\clu*-ivelv as e\pcriiiieiital animals The tethiiKiue vvhieh 
proved successful was as follows; The animals ren'ived an iminuni/ing sub 
cutaneous injection and then were allowed to ineuhate for one week. At the expira- 
tion of this period 0.1 ee. of sodium morrhuate were injeited into one of the tibial 
nietaphvses, followed in one hour In 0.d ec of 1:50 dilution of a twentv four- 
hour broth culture of Staph mireiis into the same metaphvsi«. A lesion verv 
closely simulating the disease ns ciKoiiiitercd in the human being was universally 
produced. Hoentgenograni', lultures, and micros! opic evaminatioiis were made 
to prove this point. In the later stages of the experimental work identical 
results were obtained on dogs This i ontnhutioii opens a wide field for further 
expeninental work on osteomyelitis, both chronic and acute For years attempts 
have been made to reproduce in animals le'ions in hone resembling human 
osteomyelitis, always with cjuestionahle success The authors presented their 
technique as a uniformly successful method for experimental production of this 
disease, and suggested a few of the wide problems it may open for further 
investigation. 

Alan Deforest Smith, and Lawson E. MiUer, Xew York, M Y The Value of 
Lanunograph in the Treatment of Chrome Osteomyelitis. A short senes of 
cases of chrome osteomyelitis were discus«ed, the lustories reviewed, and x rays 
shown, in which accurate localization of the offending focus in the shaft was 
masked in the ordinary roentgenogram. By means of the lanunograph, it is 
possible to locate and treat these areas with aconraev A radiopaque substance 
was injected into the open sinu=es to substantiate the findings further. This 
appears to be a valuable adjunct to the treatment of obscure eases of osteo 
myelitis, when the apparatus is available for use 

Lenox D. Baker, Durham, ST C : The Eeport of the Use of Sulfonamides m 
Traumatic and Infected Wounds — \n effort wa® made by the author to evaluate 
the true efficacy of the sulfonamides when used locally and sv stemieally to con 
trol infection in the extremities The work was made possible through a series 
of case reports made by v anous members of the Academy throughout the countiy 
In the present report three classifications were used (11 Chronic osteomyelitis 
(Table 1); (2) Old compound fractures with infection fTable II); and (3) 
Fresh compound fractures (Table ni) 


Tvble I 


Cirroxic Osteomtfi ms 


burgen plus cliemotlierapy 
Sulfauilanude 

Primary closure 
Open method 
Sulfathiarole 

Primary closure 
Open method 
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I.rorPH^ i„v„lv,..l t)„. .M,f. , „u,l ti,o .«o!o bone 

ehnnuon wnre duo t„ of tho .soft ti.s.suo.s from ( 1,0 lio.ly of tl.o verfebrn, 

ion tlio ro.sultiiiit .soloro.sis woubl m.jioiir ii.s n Joojil area of iacronserl densitv. 
If nj.ion. of tho latlor pnu;,-, w,h to ho kept to a niinimiim, fre(|uont nspir'n- 
(loi. of tho absoo.ss would I.o a very worthwhilo ,,roooduro. Thev have [, roved 
. (o 1,0 .so ,n a ttroup of aolivo oaso.s „r spine luboroulo.si.s followed at .Seaview 
lIospGal. The dolootiou of tho.se early bone ohanKo.s by meaa.s of .v-rnv c.vamina- 
lu.n IS most .Iiflioull, at times impossible. The authors feel, therefore, *11, at when 
spine fusion i.s attempted a muoh wider area of fusion should be scL-iircd than 
has heretofore boon oonsiderod adotpiatc. 


J. B. VTcaver, Kansas City, Mo.: Calcification and Ossification of Semi-Limar 
Cartilages. The author presented a brief review of the literature published on 
this subject to date, quoting "t! eases from the literature and adding two addi- 
tional eases of his own. The typical etiaiiges oeeurring in the cartilage were 
segregated into two main typc.s, ,, rimary and .secondary. Ta the priniarv form, 
the lesions appeared as a generalized calcification in all the menisci. Thc'patient 
is ii.sually over dO years of age. The etiology of this condition is not clear. Con- 
servative therapy seems best suited. The secondary form involves a single 
meniscus only. The pntieat is usually under -in ycar.s of age. A localized zone 
of ealcification in a single meniscus occurs. This may or may not be completely 
apparent, upon .v-ray e.vamination. The presence of the lesion leads to synovial 
ehangos, pain, swelling and loss of motion. Ivxci.sion of the ini’oli'cd meiiiseus 
usually "leads to a complete restoration of function. Tiie etiology can freqiientlv 
bo attributed to trauma. 


Wallace H. Cole, St. Paul, Jfinn.: Further Report on the Kenny Treatment 
of Infantile Paralysis. Fifty-one cases had been carefully studied up to Dec. 1, 
Ifidl. The author stated that in his opinion tho results obtained had been most 
satisfactory, since he had noted these patients were much more comfortable 
during the acute stage of their illne.ss, and that contractures and stiffness were 
universally prevented. The Kenny treatment is designed to combat three essen- 
tial factors considered to be present in the involved musculature. These are in 
Sister Kenny’s opinion: (a) incoordination of muscle action, which may be 
present within tho muscle itself, or which may be the result of a secondary 
.spread of impulses by reflex means from adjacent involved musculature, (b) 
disorientation in local muscle action manifested by the inability of the patient 
to produce a contraction even though the motor pathways to that muscle are 
unimpaired, and (c) muscle spasm which is considered the cause of local pain, 
fibrillary twdtching, etc. 


Active treatment is instituted as early as po.s.sible following onset of the 
disease. No splints are used. The feet are supported against a foot board in 
the “standing position,’’ the arms allowed to lie free by the sides. Hot 
fomentations are applied over the involved musculature, leaving the joints ex- 
posed as much as possible. In the average case these hot moist packs are 
changed every two hours during a twelve-hour period, none being u.sed during 
the night. In the more severe type of infection they are changed more frequently, 
oven every fifteen minutes. Controlled passive motion is instituted early, 


through a range 


of motion which is not associated rvith pain. Incoordination and 


Tsorientation are combated from the .start by personal supervision and ediica- 
( isori^^ the patient to acquire a mental attitude of cooperation in producing 
tion. 0 pns.sivcly or active.l.y. This latter phase of the treatment is con- 

motion e Sister Kenny. It.s proper conduct will require an accurate 

sidered ess „„isele action and body mechanics, as well ns a per* 

knowledge^^^_^^^^^^^ aeveloped to acquire the full confidence of, and cooperation 

from, the patient. 
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tion of all associated injuries rvas kept. The importance of careful examination 
■was emphasized, since many associated injuries may ho more serious in nature 
than the cerebral damape. A plea was voiced to avoid too enerRctic method? 
of examination and treatment of associated injury, in order to avoid unnecessary 
increase in the degree of intracranial damage and consequent rise in the mor- 
tality rate. A very careful regime of observation and treatment of primary 
skull fracture -svas presented, which when followed in detail gave definitely 
superior results. This consisted of intelligent management of the skull fracture 
and brain injury first, with the simplest type of temporary treatment of the asso- 
ciated injury, followed by intelligent mnnagcnient of the latter when the patient 's 
condition warranted. A detailed review of this vast amount of material cannot 
be given properly in synopsis form. A careful study of the original article 
when published in strongly advised. 


Charles P. Thompson, Indianapolis, Ind.: Fusion of the Metacarpal of the 
Thumb and Index Finger to Maintain Functional Position of the Thumb. — After 
the method of Allen in Birmingham, England, in which a keystone block of tibial 
corte.x is used to fuse the metacarpal of the thumb to that of the index finger, 
maintaining the fixed rotation of the thumb in opposition to the fingers, the 
function of the so-c.alled “paddle hand” may be markedly improved. The 
author presented a .series of cases in which .satisfactory results had been obtained 
with this method. The procedure is reserved for those eases where tendon trans- 
plant is not considered possible, and to those which show satisfactory grasping 
power. The same technique lias proved of definite value in certain types of 
spastic paralysis. The procedure admittedly has a limited field of usefulness, 
but when indicated seems a most satisfactory answer to a difficult problem. 


John H. Kuhns, Boston, Mass.: The Orthopedic Treatment of Hypertrophic 
Arthritis of the Hip. — ^The nonoperative procedures used for treatment of hj-per- 
trophic arthritis of the hip were discussed. One hundred and eighty-three patients 
were reviewed, S6 men and 97 women, who had been discharged from the 
hospital a year or longer. In 114 patients both hips were involved and in GO 
one hip only was involved. NTonoperative treatment consists chiefly in at- 
tempts to remove mechanical factors which tend to make the condition worse. 
Chief among these is the increased forward inclination which comes with faulty 
body mechanics and increases with flexion deformity at the hip joint. This 
brings weight thrust upon the posterior part of the acetabulum rather than upon 
the strong and superior portion. In addition, muscular pulls are changed and 
muscular atrophy develops. Strain, fatigue and instabilitj' are the natural 
sequelae. 


Treatment is directed primarily to bring weight bearing as nearly as possible upon 
the strong superior portion of the acetabulum. In addition such factors as obesity, 
endocrine disturbances and hygienic errors are corrected, if possible. A special 
pehic belt is frequently necessary when the patients first become ambulatory. 
Ipth special treatment complete relief of symptoms and ability to continue with 
t err regular activities was observed in 29.7 per cent of the patients and partial 
ro lef^ in 36.8 per cent of the patients. Konoperative treatment was least effec- 
tive in young individuals with unilateral involvement and severe deformation? 
0 t e emora head. In addition to these measures for those who showed no 
improxement, manipulation of the hip -was undertaken in eight instances with 
marked improvement in deformity and in motion in seven. This procedur’e wa.s 

deformation of the femoral head. Eoentgen 
therapy ,s a helpful measure for the relief of pain. It produee.s no other S 
so far as could be determined. Belief of pain was observed after the nsf ' 
roentgen therapy in in of 21 patients. ^ 


SUKGRUY 
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I ho rcsultn from Uio iiso of tlio suIfonamidcH, j)articiilar] 3 ' aulfalhiazolcj in 
chroiiio oatcomj'clitia, necordinf; to tlio method of Dickson and Divclej', seemed 
most encouraging. 

Tai>i,k ir 


Ol.T> COMPOUKI) Plt.tCTUF.E WiTII I.S’IT.CTIO.V 



TOTAIj 

HEALKD 

INFECTED 

Olieii reduction plus chemotherapv 

<17 

30 

17 

Sulfanilumido 

14 


7 

Primarv closure 

7 

5 

o 

Open nictliod 

7 

o 

5 

Snlfatliiar.ole 

3.1 

23 

in 

Primary closuro 

20 

17 


Open mctliod 

13 

C 

7 

In this group, particularly tliosc 

cases treated according to the 

technique 

ndvocated by Dickson and Divclej-, 

similar encouraging 

results were 

obtained. 

Table III 



Fr.E.sit COMPOUND Fractures 




TOTAL 

HEALED 

INFECTED 

Ojieii reduction plus chemotherapy 

270 

217 

53 

Sulfauilamidc 

242 

192 

50 

Sulfatliinzolc 

28 

25 

3 

Primary closuro 

252 

205 

47 

Open luotliod 

14 

11 

3 

Drained 

4 

1 

3 

Internal fixation 

126 

90 

36 


In an anal.vsis of this group the author felt that he could not attribute any 
great value to the use of the drug locally, except to state that it did not cause 
anv increase in the percentage of infections in compound fractures. Proper 
surgical technique and wound hj'giene still appeared to be the major factors in 
controlling the amount and degree of infection in compound fractures. 

The report on the whole is interesting but still not conclusive. It should be 
carried further and a longer followup made on groups (1) and (2). 


Stuart A. Thomson, Toronto, Can.: Treatment of Club Peet with Dennis- 
Browne Splints. — The method used by the author is really a modification of 
original method as outlined by Deunis-Browne. Small malleable foot splints are 
used and the baby’s foot strapped snugly to these with adhesive tape. The cross- 
Tusted first to correct the forefoot adduction, then the varus of the heel, 
'*^1 ^finally the cquinus deformity in order. The whole correction is obtained 
"'ll ' the force used being the force exerted bj' the baby in kicking. Primary 
grai ua . , during the first several weeks, and correction maintained 

correction in the metal plate and adhesive strapping. Boot-splints 

rTt d -it the expiration of this time, and worn till the walking age is reached, 
are litte years, though free walking in 

A night-sp in encouraged from the start. The method is obviously of 

a corrective s loe j^f^nt group only, and has no place in any other group, 

value in the veiy eases so treated was dis- 

An interesting motion picture 

played. . ^ Management of Associated Injuries in the 

Harry E. Mock, This report is based upon a nation-wide survey of 

presence of Skull Prac -nilected from nineteen hospitals. A careful tabula- 

3,106 cases of skull fracture 
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LUDWIG’S ANGINA 
Ax Ax.a-eysis of Forty-Five Case.s 
JLyx Tapfel, iM.D., axd Samuel C. Harvey, JI.D., New Havex, Coxx. 

(From the Department of Surgery, Tali University School of Medicine) 

■'^ILHELSI FRIEDRICH VON LUDWIG.^' in 1836, published a 

' Teport of the disease \vhieh now beara his name. A lai'ge number 
of communications on the subject have since appeared in the literature 
of all languages. Some of these communications have dealt with the 
etiologie bacterial agents involved. Others have attempted to disclose 
the exact pathogenesis and spread of the infection. Host have referred 
to the importance of having an exact knowledge of the anatomic struc- 
tures in the neck and the floor of the mouth. All, however, have agreed 
that the disease is very serious and often fatal. The cause for the 
mortality has been attributed largelj’ to some peculiar and cryptic 
nrulence of the infecting organisms which rapidl}- overwhelms the pa- 
tient and leads to his death, often a veiw sudden one. In 1908, in a 
detailed and admirable discussion of the subject, Thomas-^ pointed out 
that the majority of the deaths were due not to sepsis but rather to a 
mechanical respiratorj^ obstruction. He related this obstruction directlj' 
to the narrow and unyielding boundaries within which the infection is 
tensely confined. He advised early operation for the relief of tension 
in the involved space, and recommended that the operation be performed 
under local anesthesia. The mortality rate in many series^ -!■ =5 

has continued, nevertheless, to lie between the high brackets of 25 and 
54 per cent. 

It is not our purpose to enter here into involved and scholastic dis- 
putations relating to the exact points of origin of the infection its 
spread % fascial spaces or Ijunphatics, or its primaiy or secondary na- 
ure. e do not mean to minimize the importance of these considera- 
tions in the study of the disease, but they do not happen to concern our 
p^t primary purpose. We wish, rather, to devote ourselves to the 

Presentea at the meetinit nf ti,o c — 

Peb. 12-14. 1942. ® O'® Society of University Surgeons, Cincinnati, Ohio 
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Kalpli K. Gliormlcy, mid M. B, Coventry, lioihcsior, :\Iinn,: Surgical Treatment 
of Painful Hips in Adults. — Tliis ro\icu unorcd the lascs of painful hips of 
adult‘s lliat ha\p lu'en licatod by surgery in the Majo Clinic during the jears 
lO.'lS, 1!I.’I!I, and IblO. Tiiesc ini hided all types of painful hips, mostly, of roursc, 
liypei trophic arthritis. 

Snell pioeediires ns aitliioplasli iiilli Mlalliuin nip, arthrodesis, aietabulo 
(dusty, and drilling operations were used foi the most ]iart. The results from 
these jiioeedures iiere giieii. The nitlirodesis, of i ourse, i\as the most certain 
i\ay of lelieiing pain; howcier, iiitli the • iiji aithroplast.i, \ihieli iias performed 
ill lit eases, they iiero able to get iinpioiement in motion in 11 of the tase- 
and iniiiroi enient from the standpoint of (lain in 0 of the cases. In 0 of the 
1." discs in iihidi ai etalmlo])lasty was tarried out improicmeiit uns noted in 
regard to tlie relief of pain and amount of motion. AVitli drilling, iihich nas 
done in S eases, there iias impro\oment from the standpoint of pain in 4 eases 
and fiom the staiid]>oiiit of motion in 2 cases. Simiiltancoiis rciieiv of the cases 
not treated by surgery in the same internal toniiiKcd the authors that surgical 
pioecdnrcs do offer a c onsidorablo amount of relief to this gioiip of patients 
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of that infection. The anatomic structures limiting these areas, the so- 
ealled submandibular space,’®' have been adequately described by 
others.’* ®’ ’®' ”* -’* No attempt will be made, therefore, to repeat 

these deseription.s. An infectious process, whether associated with sup- 
puration or with edema alone, will increase the tension within this 
space and will displace the only yielding bordering structures, namely, 
the floor of the mouth, the tongue, and the pharynx. It is this displace- 
ment which is in a lai'ge measure responsible for the respiratory diffi- 
culties so characteristic of the disease. The edematous tongue is often 


HYOSLOSSUS M. SUBMAX ILL A R.Y GLAND 



Fig. 2. — ^Diagrammatic sketch showing the diaphragm 
the floor of the mouth. (From Christopher, Frederick: A 
Saunders Company.) 


formed by the structures in 
Texttfook of Snrgeri/f W. B. 


elevated to such an extent that the oral and pharyngeal cavities ai'e al- 
most completely filled. The displaced pharynx carries the epiglottis 
and larynx with it, and thus there is furtlier encroachment upon an 
already seriously compromised airway. Because of its close proximity 
to the site of infection and because also of adjacent venous obstruction, 
the larynx itself may suddenly be involved in a rapidly progressive 
edema and become completely obstructed. Since the infection lies deep 
to the mylohyoid muscle and the cervical fascia, the skin of the neek 
in the submandibular and submaxillary areas will not be involved early 
in the disease and will slide freely over the underlying swollen and 
indurated tissues. Similarly, fluctuation is not an earlj* sign and is al- 
most invariably absent in the initial stages of the illness. Often no pus 
is present and the local distortion of the tissues is caused onl.v by edema 
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(aslc of clispoliiiig the inydi, si ill prevalent in many quarlers, that Lud- 
wig’s angina is a sinister afilietion endowed with some sort of mysterious 
and nnaltorably fatal sling. AVo wish to emphasize that when the dis- 
ease is recognized early and is treated jiromptly and judiciously the 
mortality rate will drop precijiitantly. AVc .shall support our contentions 
by an analysis of the cases treated at the New Haven Hospital over a 
jieriod of twenty years. 



1 — Diagrammatic sketch slioiving the location of pus in the submandibular 
space? (From Christopher, Frederick; A Textbook of Surgery, W B Saunders Com- 
pany.) 


CRITERIA FOR MAKING THE DIAGNOSIS 

There has been a good deal of discussion as to what realty constitutes 
Ludwig’s angina. The tenn has often been loosely applied to any in- 
fection in the upper pai-t of the neck, especially when it is associated 
’ith a brawny nonsuppurative induration and -when it appears to be of 
' lent nature, AA’^e have included in our series only those infectious 
^ ses located in the areas between the mylohyoid and the geniohyoid, 
^oTtween the geniohyoid and the genioglossus muscles (Figs. 1 and 2) 
rdless of the etiology, the point of origin, or the pathway of spread 
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complnined of dyspnea. Some of the others who did not have dyspnea 
were hoarse. Trismns was present in more than one-lialf of tlie instances 
where it had been speeifieallj' mentioned. 

Interval Between Admission to Hospital and Operation. — Thirty-two 
patients were operated upon immediately after admission, six on the first 
day, five on the second day, and three on the fourth day. 

Operation. — Forty-six ojicrations were performed in forty-three pa- 
tients. The surgeons included many different members of the house and 
attending staffs. In three of the patients there was a subsequent spread 
of a unilateral infection to the opposite side which required, in each 
instance, a second operation. The remaining forty ivere each operated 
upon once. In two patients the infection subsided without operation, 
after spontaneous rupture of an abscess through the floor of the mouth. 

Anesthesia. — Local novocain infiltration anesthesia was employed in 
forty-two operations. General inhalation anesthesia was used four times, 
once in a child five years old, once in a child seven years old, and twice in 
the same adult. 

Operative Findings. — Prank pus (few drops to many cubic centi- 
meters) was drained in thirty-five of the operations. Edema alone but 
no pus was found in eleven instances. 

Bacteriologic Fndings. — The majoi’ity of the cultures revealed the 
presence of more than one organism in the pus. The combinations were 
multiple and varied. The organisms were of the usual variety commonly 
found in any series of ordinary abscesses and included hemolytic strepto- 
coccus, nonhemolytic streptococcus. Streptococcus viridans. Staphylo- 
coccus aureus, Staphylococcus albus, spirochaetes and fusiform bacilli, 
Haemophilus influenzae, Bacillus coli, and diphtheroids. In the group 
where only edema was present the w'onnd culture was sterile in four 
instances, Staph, aureus was cultured in two, Staph, alhus in one, and 
spirochaetes and fusiform bacilli in one. In the remaining three eases 
the results of the cultures w'cre not recorded. 

Course After Operation. — In the survivals there was an immediate 
relief of symptoms following the operative procedure. The edema of the 
floor of the mouth and the elevation of the tongue rapidly subsided. The 
temperature and pulse fell to normal limits after about seven da.ys. The 
Mounds healed after draining for a period of several -weeks. 

Mortality. — There were two deaths. Autopsies were performed in 
oth fatal cases. One had a dissecting aortic aneurj'sm w’hieh had sud- 
enly ruptured into the thorax. The other had a concomitant suppura- 
ti\ e cavernous sinus thrombophlebitis, lung abscess, and pneumonia. 

^ Tracheotomy. — Tracheotomy was performed three times: in one pa- 
Lent as an emergency procedure immediately after admission to the 
ospital and while en route to the operating room; in the second patient, 
six ours after an inadequate operation had been performed; in the 
ir patient, twelve hours after an adequate operation. 
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associated with llie cellulitis. However, even when j)resent, the pus is 
so deep and so leusely coufiued that the characteristic sign o£ fluctuation 
cannot be elicited. The earlie.st and therefore the most important clini- 
cal manifestations of an infection within the submandibular space, and 
the ones which we have used as criteria for making the diagnosis of 
Ludwig’s angiua arc: (1) a deep and tender swelling in the sub- 
maxillary and submandibular areas of the neek; (2) swelling of the floor 
of the mouth; (3) elevation of the tongue. The systemic manifestations 
are generally the same as those in any other infectious process of similar 
nature and extent. The clinical diagnosis was verified by operation in 
forty-three of our cases, and in the remaining two by a spontaneous 
rupture of the absee.ss through the mucous membrane of the floor of the 
mouth. Dysi)hagia, hoarseness, dyspnea, pneumonia, and septicemia are 
all later arrivals, and one should not wait for them before recognizing 
the true nature of the disease. 


ANAIA’SIS or CASES 


Forty-five patients were treated for Ludwig’s angina at the New 
Haven Hospital between the years 1922 and 1941 inclusive. There were 
thirty males and fifteen females. The ages varied from 5 to 67 years. 
There were two in the first decade of life, eleven in the second, twelve 
in the third, six in the fourth, eight in the fifth, two in the sixth and four 
in the seventh. 

Antecedent Factors. — Infected teeth were responsible for the onset of 
the disease in thirty-one cases. In nineteen there was a history of a 
recent lower molar tooth extraction. Twelve patients had complained 
of lower molar toothache. Apical abscesses were subsequently revealed 
in some of these by x-ray examination. There were two instances of 
trauma to the floor of the mouth by foreign bodies, glass in one and a 
wisp of hay in the other. Two patients had had a previous submaxillaiy 
adenitis two had compound fractures of the mandible, four had "sore 
throats ’ ’ and one had lupus eiythematosus with multiple mucous mem- 
brane lesions. In three cases nc antecedent cause of any kind could be 


discovered. 

Bwation of Sumptoms Before Adnnsston to the Hospital— This pe- 
riod varied from 18 hours to seven days, the average being about three 


Symptoms.— All the patients were ill and presented them- 
admission with sharp and significant rises in temperature, 
selves on « leucocyte count. All complained of a painful swelling 
pulse, an submandibular areas of the neck. Swelling of 

in the su max elevation of the tongue wmre present in forty- 

the floor oi i j.emaining patient had such severe trismus that the 
four cases. ^ opened sufficiently for adequate examination, 

mouth could no iorty-one instances. Thirteen of the patients 

Dysphagia ^vasrecoidedm to 
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complained of dyspnea. Some of the others who did not have dyspnea 
were hoaree. Trismus was present in more than one-half of the instances 
whei’e it had been specifically mentioned. 

Interval Between Admission to Hospital and Operation. — Thirty-two 
patients were operated upon immediately after admission, six on the first 
day, five on the second day, and three on the fourth day. 

Operation. — Porty-six operations were performed in forty-three pa- 
tients. The surgeons included many diflerent members of the house and 
attending staffs. In three of the patients tlierc was a subsequent spread 
of a unilateral infection to tlie oppo.site side which required, in each 
instance, a second operation. The remaining fortj* were each opex’ated 
upon once. In two patients the infection subsided without operation, 
after spontaneous rupture of an abseass through the floor of the mouth. 

Anesthesia. — Local novocain infiltration anesthesia was employed in 
forty-two operations. General inhalation anesthesia was used four times, 
once in a child five years old, onee in a child seven years old, and twice in 
the same adult. 

Operative Findings. — Frank pus (few drops to many cubic centi- 
meters) was drained in thirty-five of the operations. Edema alone but 
no pus was found in eleven instances. 

Bacteriologic Fndings. — The majority of the cultures revealed the 
presence of more than one organism in the pus. The combinations were 
multiple and varied. The oi’ganisms Avere of the usual variety commonly 
found in any series of ordinary abscesses and included hemolytic strepto- 
coccus, nonhemolytic streptococcus, StrcjAococciis viridans. Staphylo- 
coccus aureus. Staphylococcus albus. spirochaetes and fusiform bacilli, 
Haemophilus influenzae. Bacillus coli, and diphthei’oids. In the group 
where only edema Avas present the Avound culture Avas sterile in four 
in.stances. Staph, aureus AA-as cultured in tAvo, Staph, albus in one, and 
spirochaetes and fusifom bacilli in one. In the remaining three eases 
the results of the cultures Avere not recorded. 

Course After Operation. — In the surAUA-als there Avas an immediate 
relief of symptoms folloAving the operatiA’e procedure. The edema of the 
floor of the mouth and the elevation of the tongue rapidly subsided. The 
temperature and pulse fell to normal limits after about seven days. The 
AAounds healed after draining for a period of seA'eral AA'eeks. 

Mortality. — There Avere tAvo deaths. Autopsies Avere pei'formed in 
oth fatal eases. One had a dissecting aortic aneurj'sm AA'hich had sud- 
enly ruptured into the thorax. The other had a concomitant suppura- 
tne caA’crnous sinus thrombophlebitis, lung abscess, and pneumonia. 

Tracheotomy. — Tracheotomy AA’as performed three times: in one pa- 
tient as an emergency procedure immediately after admission to the 
ospital and AA'hile en route to the operating room; in the second patient. 

tv inadequate operation had been performed; in the 

ird patient, tAvelA'c hours after an adequate operation. 
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ComjiUcntionx. — Pneumonia, lung abscess, and cavernous sinus 
Ihrombophlcbilis were ])rcsent once. All occurred in the same patient. 
Tt is probable lliat llie pneumonia and lung ab.seess wore complications 
of the c.'ivernous sinus thrombophlcijitis rather than of the Ludwig’s 
angina. It is proljable also tliat the cavernous sinus thrombophlebitis 
was a coeval in feet ion and did not originate from the angina. There 
were no instances of mcdiastinitis. 


SUMMAUY AND DISCUSSION 


Ludwig’s angina is a disease which is attended with a constant threat 
to the life line of tlic upper air passages and Avhich therefore demands 
immediate emergency treatment. Fortunately, there are distinctive 
clinical manifestations whicli appear veiy early in the disease and can 
be easily recognized. Tlic local diagnostic criteria are an external tender 
swelling beneath the mandible, swelling of the floor of the mouth, and 
elevation of the tongue. The onset of total respiratory obstruction is 
often exceedingly sudden and draraatie. The patient may fail to com- 
plain of any appreciable respiratory emban-assment. Indeed he may not 
become aware of its existence until the obstruction is on the verge of 


becoming complete. This obstruction is caused largely by a distortion 
and displacement of the tongue and pharynx which are in turn the result 
of tension within the submandibular space. In addition, there may be a 
concomitant edema of the larynx. The primary object, therefore, is 
not merely to drain pus, but rather to decompress the submandibular 
space and to release the tension within it as early and as completely as 
possible. This can be accomplished Avith certainty only by transverse 
section of the deep fascia and the mylohyoid muscle on one or both sides, 


depending upon Avhether the infection is unilateral or bilateral. Our 
operative procedure consists of making an incision in the skin and 
platysma beneath and parallel to the horizontal ramus of the mandible. 
The'incision is deepened to include the deep fascia, the anterior belly of 
the digastric muscle, and the mylohyoid muscle, all of which are divided 
transA^rsely and completely. If it is suspected that the infection lies 
above the geniohyoid, that muscle too is divided. The floor of the sub- 
mandibular space is thus laid open and the tension Avithin it is fully 
■eleased This alloAVS the tongue and floor of the mouth to fall back into 
normal positions. The local venous engorgement is also to a large 
t relieved. A division of the fibers of the mylohyoid muscle should 
r thorough and total, regardless of Avlicther actual pus or edema is 
t It should further be emphasized that this muscle should be 
presen . T^.j^gn pus is encountered immediatelj^ under the skin 

transecte e subcutaneous pus often communicates Avith the sub- 

and platj sma. pjj.ongh a narrow and tortuous tunnel. The drainage 
mandibular spa^^ therefore not appreciably change the degree of 


of this pus 


tension Avithin the mam sn 


cibmandibular pocket. In one of our eases the 
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operative procedure was terminated after the simple drainage of such a 
subcutaneous abscess. The respiratory difficulty was not relieved and 
an emergency tracheotomy had to be performed six hours after the 
operation. The skin incision should be planned so as to avoid injuring 
the mandibular branch of the facial nerve, and so that the final scar vdU 
come to lie under the chin, where it will not be conspicuous. An incision 
midway between the hyoid bone and the lower border of the mandible 
will usually meet these two objectives. For bilateral infection, a horse- 
shoe shaped incision is made at the same level (Fig. 3). This incision, 
unilateral or bilateral, allows a more thorough exploration and decom- 
pression, and is attended in general with a finer cosmetic result than 
the midline vertical incision. The whole wound is left open and a 



vaseline gauze pack is placed loosely into it down to the mucous mem- 
brane of the mouth. Healing takes place by secondary intention. The 
improvement in the general condition of the patient immediately follow- 
ing the opening of the submandibular space, and even before he has left 
the operating table, is often rapid and striking. The tenseness and 
anxiousness are gone, the breathing is free, and the entire physical ap- 
pearance is brighter. 

There are those" who advocate resection of the submaxillary 
g an . "We have no quarrel with them, but we insist that the main ob- 
jective is the adequate relief of tension in the confined space. AH other 
considerations and technical procedures are secondary. In our group 

e submaxillary gland was removed only twice. Indeed, in the whole 
series the origin of the infection could be directly attributed to the sub- 
uiaxi arj^ gland in only two instances and these, strangely enough, were 
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not the ones in •\vhicli the glands were excised. Otlicre'^ recommend that 
llie drainage he instituted tliroiigh the mueons membrane o£ the floor of 
the moiitli. Altiiougli this api)i’oach may he possible in isolated instances, 
wo believe liiat on the whole it is neither satisfactory nor feasible. Un- 
less free pus is present, adequate exploration through the floor of the 
mouth may be difficult under any circumstance. This is especial^’’ true 
when trismus and an edematous ligneous tongue make it practically im- 
possible to enter the moutii. In view of the current widespread and 
often unrestrained use of the sulfonamides, it is not surprising that 
these drugs have been employed in Ludwig’s angina. Several reports’- ” 
have already appeared describing their successful use in this disease, 
and advocating tliem as substitutes for surgical inteiwention. This pro- 
cedure is dangerous and does not recognize where the true threat of the 
disease lies. Sulfonamides may and .should be used as adjuncts to the 
treatment, but nothing should replace immediate surgical decompression 
of the submandibular space. 

The urgency of early surgical intervention has been referred to al- 
ready. The operation should be performed as soon as possible after the 
diagnosis is made. In this sei'ies the decompression was carried out im- 
mediately after admission to the hospital in thirty-two cases; on the day 
after admission in six; on the second day in five; and on the fourth 
day in three. The delay, where present, was occasioned by uncertainty 
as to the time nature of the disease and by the fact that some of the 
patients had spent one or more days on another service in the hospital 
before they were seen by the consulting surgeon. 

The operation was performed under regional novocain infiltration 
anesthesia in forty -two of the forty-six procedures. The novocain (% 
per cent) Avas injected into' the skin and subcutaneous tissues along the 
proposed line of incision. The deeper structures in the neck Avere found 
to be remarkably insensitive to pain, and the superficial infiltration Avas 
often sufficient in itself to permit the entire procedure to be carried out 
without discomfort. HoAvever, there AA-as no liesitation in injecting ad- 
ditional novocain into the deep cervical fascia and the mylohyoid muscle 
when necessary. In four instances general inhalation anesthesia was 
used Taa'o were in children, fiA-e and seven years old respectively, in 
”hom it Avas difficult to obtain adequate cooperation. The remaining 
" r were in the same adult, a man 63 years of age, Avho had an associated 
urative cavernous sinus thrombophlebitis, and Avho Avas totally irra- 
^"^^1 and uncooperative. It cannot be too strongly urged that inhala- 
esthesia should be avoided as far as possible. The struggling and 
tion an ‘ g^^ges of induction, the increase in the secretion of 
spasm baiTn:!^ and larynx, and the i-elaxation of the tense and 

mucus m ® J ‘ of respiration all eonspire to jeopardize the 

strained acc j,ggp)ratory pathAvay. Intratracheal intubation anes- 
freedom of ® to trismus and a swollen tongue, which 

thesia is often i 
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mechanically prevent adequate passage of the tube. Indeed, under any 
cireumstancos a preliminary deep anesthesia is often required before 
intubation is possible. However, even when technically feasible, this 
method is not without danger, for the tube may aggravate an existing 
edema of the larynx and lead to its complete closure. tiYilliams and 
Harcus^^ liave recognized and emphasized the dangers of inhalation anes- 
thesia and have substituted intravenous barbiturates (evipal and pento- 
thal) as the ideal anesthetic agents. They concede that these drugs 
have certain disadvantages,®’ -®' *’■ but thej’ believe that the dis- 
advantages can be overcome. A study of their method, however, with 
all of its complicated and extensive precautions, far from establishes 
the safety of these intravenous anesthetic agents. Nor does it reveal 
any particularly significant advantages over inhalation anesthesia. In- 
deed, in eight of their eases where intravenous anesthesia had been 
utilized, an emergency tracheotomy had to be performed on the operating 
table in two instances. They “feel strongly that the proper operative 
procedure in Ludwig’s angina is too extensive to be attempted under 
local anesthesia. ’ Our experience cer-tainly does not support this view. 

There were two deaths in the group. At autopsy one of these patients 
was found to have a cavernous sinus thrombophlebitis, with pneumonia 
and lung abscess, in addition to the submandibular infection. The other 
had a dissecting aortic aneurysm which had ruptured into the thorax. 
This latter death cannot properly be ascribed to the angina, but inas- 
much as it occurred before the patient left the hospital it is included 
in the mortality figures. There were no instances of mediastinitis. 
Pneumonia, so often recorded in other series, may in a large measure be 
traced to the thick mucoid secretions which lie in the phaiynx and 
larjmx, and which can be easi^ aspirated into the lungs in the coiu’se of 
a general anesthesia, inhalation or intravenous. It is onr belief that the 
virtual absence of pneumonia in our group of cases may be directly 
attributed to the fact that the operations were performed early in the 
disease and that the procedures were carried out under local anesthesia. 


CONCLUSIONS 

Ludwig’s angina is a surgical emergency and demands immediate 
operation. The cardinal symptoms appear early in the disease and can 
be easily recognized. They include (1) a tender swelling in the sub- 
mandibular area of the neck; (2) elevation of the tongue; and (3) 
edema of the floor of the mouth. The high mortality in this disease is 
due not to some overpowering and occult A’irulence of the infectino- or- 
ganisms, but more often to a meelianical obstruction of the respiratory 
pat iwaj . The primaiy object of the operation is to relieve and prefer- 
a 3 to pieient this obstimction by releasing the tension within the sub 
mandibular space. This can be accomplished with safety and eertaintv 
only by complete transection of the deep cervical fascia nnfZ 
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iiiyloliyoid jnuselc. A llioroiigh decomprcKsive procedui'e sliould be per- 
formed as soon as j)Ossible after tbe diagnosis is made. E.Kcept in ex- 
tremely extenuating circumstances, the operation should be performed 
under local novocain anesthesia. 
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THE CLINICAL SIGNIFICANCE OP' GAS IN THE 
GALL BLADDER 

H. McCokkle, M,D., axd E. E. Fokg, M.D,, Sax Francisco, Calif. 

(From the Divisions of Surgery and Itoentgenology of the University of California 
2Iedical School and the San, Francisco Dosjntdl) 

'T^HE cimimstances under which gas appears spontaneously in the gall 
bladder are unusual. In rare instances it has been found at opera- 
tion and at autopsy. In 1901, Stolz reported three autopsies at which 
gas was found in the gall bladder, and Brntt (1923) and Kirchmayr 
(1925) recognized eases of gaseous cholccj’stitis at operation. More 
recently a few cases have been recorded in Avhich gas in the gall bladder 
and biliary ducts was visualized by x-ray. This was first reported in 
1929, by von Friedrich. 

There appear to be two main causes for the spontaneous appearance 
of gas in the gall bladder. The first of these is infection of the gaU 
bladder with gas-forming bacteria. The second is the passage of gas 
from the intestine into the gall bladder through a fistula between the 
gall bladder and the gastrointestinal tract. Gas may enter the bile pas- 
sages at operation or may be injected into them during cholangiography, 
but these latter sources are of relatively less diagnostic significance at 
present than is the spontaneous filling of the gall bladder with gas. In 
the last two years we have had six cases in which the spontaneous ap- 
pearance of gas in the gall bladder was demonstrated by x-ray. Three 
of these cases were caused by anaerobic gas-forming bacteria and three 
by eholeeystenterie fistniae. Prom reports in the literature and else- 
where we found twenty-one cases, eight of rvhich fall into the first group, 
and thirteen into the second. The etiology and clinical couixe of the 
two tj'pes of cases are quite different. Each type requires separate 
consideration before the significance of gas in the gall bladder can be 
realized. 

I. Acttfe Gaseous Cholecystitis. — Thi.s is a rare form of acute chole- 
cystitis associated rvith infection of the gall bladder with gas-producing 
bacteria. It also has been designated as “emphysematous eholeej-stitis,” 

pyopneumocJiolecystitis, “ and “gas phlegmon of the gall bladder.” 
The bacteria most frequently associated with this condition are gas- 
forming anaerobes of the Clostridium group. Bacillus coU is also fre- 
quently found. Acute gaseous ehoIecTOtitis is exemplified by the follow 
ing cases : 
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mylohyoid muscle. A thorough decompressive procedure sliould be per- 
formed iis soon as possible after the diagnosis is made. Except in e.x- 
tremely extenuating circumstances, the operation should be performed 
under local novocain anesthesia. 
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atelj surrounding flic gall bladder. The gall bladder nas enlarged, tense, gan 
grenous, and jet black in color. There «a<i no Msible gross rerforation About 
20 cc. of thin turbid brown green fluid wore aspirated from the gall bladder. It 
contained no calculi. Cliolocj stnstom> was performed. At the time of operation 
no observations for the presence of gas were made and none was noted 

On the first postoperative dav the temperature rose to 101° F, and the pulse 
rate to 120 The abdomen became distended and the patient appeared ren ill 
On the following daj, some edema and emphvsema developed about the wound and 
extended over the lower thoracic wall The patient became delirious, fell out of 
bed, and died a few minutes later. 

At autopsy there was no evidence of injurv from the fall. Extensive emphvsema 
and edema oi the right abdominal and thoracic walls were present, as well as infec 
tion of the wound, gangrene of the gall bladder, and general peritonitis 

Baeteriologic studv of the contents of the gall bladder showed slender gram- 
positive and gram negative rods on direct smear, and B coh and large anaerobic 
gas producing bacilli resembling CL taelchu, on culture 

CaSf 2— E B, a white man od vears of age. gave a historv of having had for 
thirtv vears recurring attacks of gnawing epigastric pain relieved bv food and soda 
One month before entrv he had an attack of cramping pain in the right upper 
quadrant of the abdomen, with nausea and vomiting, of one daj ’s duration A 
week later he had another attack, more severe than the first, and the pain radiated 
through to the back. His present attack began one dav before entry, with severe 
cramping pain in the right upper quadrant The patient vomited once but had 
no chill The upper part of the abdomen was moderatelj tender throughout with 
some guarding A tender rounded mass was palpable beneath the right costal 
margin. The patient appeared to be acutclv ill The temperature was 102 degrees 
and the pulse rate 96 The white blood count was 13,200, with 96 per cent polj 
morplionuclear cells Test of the serum amvlase showed 315 units, and the icterus 
index was 8 7 units a short time after Ins entry 

The plain x ray film of the abdomen taken Oct 20, 1940, about twenty four 
hours after the onset of his illness, showed nothing more than evidence of gas in 
the hepatic flexure of the colon (Eig 2A) On the evening of the same dav 
isoiodeikoE was given intravenously as a test of liver function and in an attempt 
to visualize the gall bladder The patient apparentlv had a reaction from the 
dye, with a chill and high fever which subsided promptly X ray examination the 
following morning showed that the gall bladder bad not filled with dye, but was 
clearly outlined by a shadow of gas surrounded bv a well defined concentric gaseous 
ring (Fig 2jB) On the following day (Oct 31, 1940) a film with the patient in 
the upright position demonstrated a fluid level below the gas (Fig 2D), apparently 
in the gall bladder On Nov 1. 1940, one therapeutic dose of polyvalent gas gan 
grene antitoxin was given A course of sulfathiazole was administered between 
November 1 and November 7 After four or five days the acute process subsided 
The pain, tenderness, and spasm diminished and after the first week of liis illness 
the patient had no complaints The temperature gradually declined to normal on 
Nov 7, 1940, and the patient remained afebrile thereafter The leucocyte count, 
which never exceeded 13,400, gradually returned to normal by November 12 The 
stools were examined for the passage of biliary calculi, but none was found. 
Duodenal drainage was performed on November 23 Direct smear of the bile ob 
tamed from this drainage showed numerous large, long, gram positive rods and, on 
culture, B coh and anaerobic spore forming rods of the Clostridium group were 
found Frequent x ray studies of the gall bladder showed the continued presence 
of gas and fluid therein, gaseous infiltration of its wall, and some extension of the 
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Cask ]. — 1). C., u colored iiiiiii -jn years of age, Ijecaine ill on Dec. 27, 1939, 
with severe, iaterniittcnt, generalized, erainping abdominal pain which settled first 
in the right lower rpiadrant and then localized in the right upper quadrant and the 
right llanh. He vomited three times. Two year.s before, the patient had had a 
similar but milder attack which subsided spontancou.sly. The general physical 
examination forty-eight hours after the onset of the illness was not remarkable 
except for the abdomen and back. There was moderate tenderness in the right 
upper quadrant with slight rebound tenderness, but the maximum tenderness was 
present in the right flank. The temperature was 101.S° F. and the pulse rate 90. 
The white blood count was 21,000, with 90 per cent polymorphonuclear cells. Uri- 
nalysis was negative except for a trace of albumin and glucose. 




1 Cnon 1 Gaseous cholecystitis. Plain x-ray film of the abdomen showing 
of Hie gall bladder forty-eight hours after the onset of acute chole- 
.V? * V^eanerenous gall bladder was drained and the patient died about forty- 
after operation of a fulminating anaerobic gas bacillus infection of the 

peritoneum and abdominal wall. 


The preoperative diagnosis was acute cliolecystitis or acute retrocecal appendi- 
A Ihih x-ray film of the abdomen showeil no oi-idence of renal or biliary 
Tim pyriform or roughly elliptic shadow of gas which was seen in the 
m ‘mner Quadrant in the x-ray film (Fig. 1) was not recognized at that time 
right upp „ gas-filled gall bladder. It was almost a year later that 

as possib y P ^ connection with a study of our 

one of us recalled this ease 

second case. formed Dec. 30, 1939, under ether anesthesia, through a right 

Operation was^ poi ^ sniall amount of turbid fluid in the peritoneal cavity, 

rectus incision, fliere . ^ „nnpr surface of the liver in the region of the 


• • *nTt Tli6re ^v^ls **• 

rectus incision. under surface of the liver in the region of the 

Tlie omentum was a mren precn-yellow fibrin in this area. The lower part 

gall bladder and there called off with laparotomy pads. About 

of the abdomen and opera uspirated from an abscess in the omentum immedi- 
25 c.c. of brown-grey pos "'eie . 
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and 2G) until Peb. 15, 1941, when all evidence of gas in this region had disap- 
peared. Periodic physical examinations have shown no abnormalities. 

Case 3. — S. S., a white male 49 years of age, suffered sharp severe pain in the 
epigastrium, at 0 p.m., lilarch 19, 1941. lie vomited several times and the pain 
shifted from the epigastrium to tlie right subcostal region where it remained as a 
constant severe ache. The patient had mild diabetes but had had no previous at- 
tacks of biliary disease. Marked tenderness, spasm, and rebound tenderness in the 
right upper abdominal quadrant were present on physical examination and the 
gall bladder was palpated as a large, rounded, tender mass. The temperature was 
101 degrees and the pulse rate 90. There were 17,100 white blood cells, with 91 
per cent polymorplionuclears. Urinalysis was negative. 



E. F. 

Fig. 2. 

,, F.-— Case 2. This film o£ the gall bladder was taken flve days after the onset of 
evidence of extension of the gas into the surrounding tissues in 
is also disintegration of the original delicate layer of gas In the 
walls of the gall bladder. 

“.‘t fl'ni of the gall bladder region taken about three weeks follow- 

. subsidence of symptoms and signs of acute cholecystitis. At this time the 
ambulatoi-y. The film shows a loss of gas outlining the lumen of the 
^ , fluid level has disappeared and there is a diminution In the size 
area involved. The gas has been transformed into a cluster of bubbles of 
various sizes and shapes. 


A roentgenogram of the entire abdomen taken on the day of entry showed a 
moderate amount of gas in the ascending colon and somewhat more in the trans- 
verse colon, but none was present in the gall bladder or bile ducts (Pig. 3A). 
Cliolecystography (by the intravenous method) on the following day showed none 
of the radiopaque material in the gall bladder. Instead there was a large amount 
of gas and fluid in the enlarged gall bladder (Fig. 3B). The x-ray film taken with 
the patient in the erect position showed a fluid level superimposed by gas in the 
lumen of the giill bladder (Fig. 3C). Peripheral to the contents of the lumen wa.s 
a continuous fmo black lino representing a layer of gas in the wall of the gall 
bladder (Figs. 3B and 3C). Twenty-four hours later the gas in the lumen had 
increased somewhat and extended medially into the soft tissues. The layer of gas 
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gns into tlie tif-^uos surrounding it (Fig. 2J7). After his dismissal from the hospital 
the patient icturned at ■uechly intcnnls for x-ray examinations ivhich revealed a 
diminution and shrinking in the extent of gns in the gall bladder region (Figs. 2F 



Fie- 2. 

T,, ^ ,-ov film of the abdomen In a case of acute cholecystitis of 

A —Case 2 ration No gas is seen in the region of the gall bladder. 

about tiventy-f our hours dur ascending and transverse colon. This is the 

but there is some g taken on this patient 

first of a senes of ni stitis Cholecj stogram taken thirU-slx hours after 

n Case 2 Gaseous et’olec. shadow of gas in the upper right abdominal 

XU ^kTset of acute cholep stitis. a distended gall bladder The beginning of 

resembles, in Periphery of the gall bladder can be seen. This film 

'‘"rSntne sas ting at G.e^periPhW^ position. No radiopaque dje appeared. 
Sne^made with the patien bladder taken in the prone position seventy-two hours 
c Case o I'd™ of tlio sa i Wadder^i ^..^11 bladder is clearly outlined by gas. 

0 — t-ase - j of acute clioiec more definitely seen 

^?a"°rin?entrirrTng at '’Waller t.aken on the same day as the film shown 

The COM ^ jjjo gall b < flemonstrates gas over fluid in the gall 

in Fi^ 2GNith 
bladder, and gas m 
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in tlio wall suliseciucntly broke up into jiuiiieroua short straiuls and this was accom- 
jianiod by an increase in the amount of {jas outside the gall bladder (Fig. 3J9). 
The process ai)parcntly reached its peak about five days after the illness began. 
Seventeen days after the onset of the acute cholecystitis, the gas in the lumen and 
wall of the gall bladder had been transformed into many bubbles of various sizes. 
During the same period the gall bladder was shriidcing in size and the perichole- 
eystic gas in the soft tissues was disappearing (Figs. 3A to 3E). 




™ on " Plain x-ray film of the ffall bladder region made nine weeks 

^®;o7»iapnee’ of an attack of acute cholecystitis. At this time the patient was 
after the and there were no signs of choiecystitis. The shadows of gas 

free from croups and the area of involvement is considerably diminished, 

appear in se^eral t' 


The natient was given one therapeutic dose of polyvalent gas gangrene antitoxin 
d a cMrse of sulfathiazole. Duodenal drainage was performed on March 21, 
1041 and on direct smear, gram-positive rods and cocci in clumps were found; 

I od anaerobic gas-producing bacilli resembling Cl. welchn, B. coh and 
cultures and leucocyte count subsided to normal over a 

staphylococe . sjaiiptonis of acute cholecystitis resolved ratiier 

period of a nee - a calculi were found in the stools. The patient 

’^^^'dLltar^ed from the hospital, April 10, 1941. He has had no fuither symptoms. , 

nf a elite o-aseous cholecystitis, similar in many ways to 
Several cases been recorded in the literature, 

the three jus es ^ ^ gangrenous cholecystitis in a man 32 

Simon report /„.„„„i.ams in this case sliotved the distended gas- 
yeam old. The and circumferential ring of gas. The 

filled gall bladder w gjjoiecvstitis was confirmed by cholecystectomy. 

diagnosis of acute^gas^^ t,acteria were found in the gangrenoibs gall 

bladder. 
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A case of sascoiis ehoiocystitis in a man 62 yoai-s of a?e was recorded 
bv Hesner/The distended gas-filled gall bladder was visible in the 



Fig. 3. 

A —Case .3. Plain x-ray film of the gall bla<l<ler region in a case of acute chole- 
cvsti'tls of about twenty-four hours' duration. There is no denmte evidence of gas 
in the gall bladder. 

Case 3. Gaseous cholecystitis. Cholecystogram (prone position) taken about 

fortv-eight hours following tlie onset of acute cholecystitis. *rhe gall bladder is seen 
to be ftlled "dth gas and there is a tracing of gas in the wall of the fundus. No 
radiopaque material is seen. Compare with Fig. 3.A. 

C —Case 3. X-ray him of the gall bladder (patient upright) taken on the same 
dav as Fig. 3B. This illustrates a layer of fluid superimposed by gas and a thin line 
of gas in the wall of the gall bladder two days after the onset of acute cholecystitis. 

D.— Case .3. X-r.ay Rim of the gall bladder (patient upright) taken on the fourtti 
dav totlowing the onset of acute cholecystitis. Tlic gas in the lumen and the fluid 
level in the fundus of the gall bladder are still seen. There is some evidence of ex- 
tension of the gas from the wall of the gall bladder into the surrounding tissues 
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plain x-ray film of Iho abdomen. At operation a gas-filled abscess was 
evacuated. Cultures of pus grew Welch’s ])aeillus. In this case the 
diagnosis of acute gangrenous cholecystitis Avas further confirmed by 
autopsy. 

Schmidt reported the case of a patient 37 years old, Avho had acute 
cholecystitis. The x-ray films showed the gall bladder filled vith gas. 
Twelve days later it filled faintly Avith radiopaque material. This case 
Avas not confirmed by operation or autopsy. The patient recoA'ered Avith 
medical treatment. 


WybauAV described a case of acute gaseoiTS cholecystitis in a AA'oman 53 
years old, in AAdioin a distended gas-filled gall bladder Avas demonstrated 
by x-ray. At operation the AA'all of the gall bladder contained bubbles 
of gas. 



«... 1 -cnpritcenoKram of the gall bladder about one month following 

Fig. 3^1.— Case 3. K cholecystitis. The gas has collected into a small 

the clinical ^yv,^Ies The patient was ambulatory and free from symptoms 


group or cluster of bubbles. 

at this time. 


Berg reported tAVo cases of acute gaseous cholecystitis but did not illus- 

tri^ethem. demonstrated the x-ray films of a 

Recentlj , ^^gj^^atous cholecystitis. The diagnosis was made by 

patient AAUtii i . condition Avas treated by roentgentherapy. 

x-ray examina ion . • a second case, in Ai'liich the treatment 

These observers also mem 

was surgical. ^ 'Welcii ’s bacillus may be cultured 

It is |“°j'^dVr”in some cases of acute cholecystitis. It is equally 
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well knoiiTi that these bacilli, especially the "Welch liacillus, may pro- 
duce gas. Other organisms may produce gas but rarely do so. Slagner 
and Hutcheson collected statistical studies on the bacteriology of chole- 
cystitis and noted the incidence of B. welchii as varying from 1 to 22 
per cent in cultures from the wall of the gall bladder, and from 0.5 to 
6 per cent in cultures of bile from the gall bladder. The same authors 
quoted the incidence of B. coli as vai’j’ing from 4.5 to 49 per cent in cul- 
tures of the wall of the gall bladder, and from 6 to 50 per cent in cultures 
of the gall bladder bile from patients nith cholecystitis. According to 
Andrews and Henrj’, B. coli is the gas-foiniing organism most fre- 
quently found in the gall bladder (from 11 to 16 per cent) ; next in 
frequency is B. perfringens (from 9 to 11 per cent of cases). Gordon- 
Taylor and "Whitby determined that B. tvelchii was found in nearly 9 
per cent of a series of gall bladders removed at operation. In this group 
were two cases of acute gangrenous cholecystitis in which the organism 
(B. rvelchii) was found in pure culture. 

In the cases of acute gaseous cholecystitis discussed in this report it 
appears that the condition is associated with infection of the gall bladder 
by anaerobic gas-forming bacteria. These bacteria were found in all 
eases in which it was possible to obtain cultures directly at operation. 
The similarities of the x-ray and clinical pictures in patients who were 
not operated upon, together with the somewhat circumstantial evidence 
obtained from bacteriologic study of the duodenal drainage, appear to 
justify their inclusion in this group of cases. 

In connection vith acute gaseous cholecystitis, all of the ways in which 
infection may spread to and localize in the gall bladder have been con- 
sidered, namely, hematogenous bacterial embolism. IjTuphogenous spread, 
direct extension from contiguous organs (for example, the gastrointesti- 
nal tract), and the influx of organisms into the gall bladder bile, either 
ascending from the duodenum or descending from the liver bile. At 
present, however, it appears impossible to determine definitely the source 
of the infection of the gall bladder in these cases of anaerobic gaseous 
cholecystitis. Speculation is imdted, also, upon the difScult question as 
to why some gas-forming anaerobes are extremely pathogenic in certain 
instances, milder in others, and apparently inactive under some circum- 
stances. The vinilence of the strain of organisms and the resistance of 
the host are always factors which must be considered. Also, in certain 
diseased gall bladders there may exist a localized fertile field for the 
activity of gas-forming organisms; stasis, obstruction, ulceration by 
calculi, necrosis and anoxia caused by edema, and interference with or 
occlusion of the vascular suppl 5 ' to the gall bladder are examples. Thus, 
under certain circumstances of ulceration, obstruction, or interference 
with the vascular supply, a gall bladder which contains potentially patho- 
genic forms of these gas-forming anaerobic organisms ma 3 ' become a 
medium for their successful growth. That such circumstances occur 
rarely is fortunate. 
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The ousel of ocule "aseoiis ehoieeyslitis has the clinical appearance 
of a severe form of acute cholecystitis. In the firet few hour’s of a gas- 
proclucing infection of the gall hladclci' there is no roentgenologic e\-i- 
clencc of its existence. It usually requires from twenty-four to forty- 
eight hour’s hefoi’o sufficient gas has been produced so that it may be 
visualized r’ocntgenologically. It is seen fir.st on the x-ray film as a black 
area forming tlie outline of the enlarged distended gall bladder. Srrb.se- 
quently, the roentgenologic picture seems to change according to the 
progression or i-egression of the inflammatory pi’oeess in the gall bladder. 
If the irrfectioir subsides the gas is gradually absorbed or possibl.v dis- 
charged tlrrorrgh the cystic drret. This is illustrated by Schmidt’s case 
in which the gas was said to have disappeared from the gall bladder 
within twelve days, tlie disease srrbsiding pr'omptly under medical treat- 
irrent. If, orr the other hand, the infection contimres, gaseous infiltration 
of the wall of the gall bladder results. Srrch infiltratiorr appear’s as a 
thin dark layer of gas immediately peripheral to that in the lumen of 
the gall bladder. As the infectious process progresses, this thin layer 
of gas becomes broader and disintegi’ates into numerous short dark 
strata. At the same time, the amount of gas in the lumen of the gall 
bladder usually increases in vohime. There is likely to be some fluid in 
the gall bladder in this condition and an x-ray film made udth the patient 
in the erect position often shows a well-defined fluid level. Later in the 
course of the infection, the gaseous infiltration of the wall of the gall 
bladder extends into the sui’i’ounding tissues and the gas is seen as 
rounded dark areas. At this stage there is probably pericholecystitis 
and there may be pericholeeystic abscesses containing gas. In the cases 
of acute gaseous cholecystitis in which the patients recovered, the find- 
inn’s described above Avere folloAved by x-ray eA’idence of a A^erj' gradual 
absoi’ption of the gas. That in the lumen of the gall bladder lost its 
contour first ; there followed shrinkage and disruption of the layers of 
gas in the Avail and lumen of tlie gall bladder into bubbles of various 
These Avere seen in the x-ray films as clusters of more or less circu- 
lar dark areas. EA'idence of gas in the tissues could be demonstrated by 
- r Ion" after clinical cA’idence of acute cholecystitis had disappeared. 
r^^^Avas not seen in the bile ducts in the roentgen-ray films of any patient 
'1 o-aseous cholecystitis. The tA\-o patients treated conservatively have 


^^mrr!!nm"ement of cases of acute inflammatoi-j’ disease of the gall 
The ro ‘c by x-ray eAddenco of gas in the gall bladder de- 

bladder Because of the rarity of the spontaneous 

serA’CS speeia jo^ bladder, no surgeon has had enough experi- 

occurrence 0 to be able to draiv any final conelusion.s 

about it. utline a general policy for the management of acute 

It is difficult to 01 ...p'treat acute cholecA'stitis conser\’aliA’elv and 
cholecystitis. As a rule, 
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prefer to carry out surgical procedures at some elected time after the 
acute process has subsided. Special consideration, however, is given to 
the individual problem presented by each patient with cholecystitis and, 
aetuall}’’, we often find it neeessaiy to operate early for acute cholecys- 
titis. Each case of acute gaseous eholeej'stitis merits particularly careful 
clinical management. Tlie risk of disrupting and disseminating a more 
or less localized gas bacillus infection by operative manipulations must 
be weighed against the possibility of perforation of the gall bladder into 
the free peritoneal camty. Our unfortunate experience in our fii-st case 
of this type made us feel that, in future cases, a conservative or expectant 
com-se should be pursued even more pereistently than usual. The patient 
described in Case 1 died of a fulminating gas bacillus infection of the 
abdominal and thoracic walls and perttoneum follmving eholeeystostomy 
for acute gangrenous gaseous cholecystitis of about 60 hours’ duration. 
He was operated upon because we could not eliminate the possibility of 
a high retrocecal appendicitis and because we did not recognize at the 
time that the shadow of gas in the x-ray film represented a distended 
gall bladder filled udth gas. Our second and third eases of acute gaseous 
cholecystitis were managed with even greater than usual conservatism 
because of the unfortunate experience ■nnth this first patient. We also 
believe, both because of our experience and the reports of other obsen’er-s 
who have seen rare eases in which there was dissemination of gas bacillus 
infection following operations on the biliary tract, that the usual inteiwal 
cholecystectomy should not be performed in cases of gaseous cholecystitis. 
Bverj’- effort will be made to avoid operation on the biliaiy system in the 
event of later recuirence of symptoms. Though it is scarcely permissible 
to express an opinion based on such a small experience with acute gaseous 
cholecystitis, we are inclined to believe that eonseiwative management 
noth supportive treatment should preferably be employed during the 
acute phase of this disease, and that both earlj' and interval operation 
should be avoided if possible. It should be mentioned, however, that 
other obseiwers have reported successful operations in eases of acute 
gaseous cholecystitis. X-ray therapy has been used in at least one ease. 
The treatment of acute gaseous eholeej’stitis nith polj’^’alent anaerobic 
antitoxin, chemotherapj’, or x-raj’ therapy may be indicated, hut the 
efficacy of such measures mil probablj’ be as difficult to evaluate in these 
eases as in other anaerobic gas bacillus infections. 

2. Cholecy stent eric Fistulae . — ^These are occasionally associated mth 
the spontaneous appearance of gas in the gall bladder. The condition 
usuallj' demands investigation because of one or more episodes of acute 
cholecystitis or cholangitis. The x-raj’ films taken in these eases have 
shown evidence of gas in the gall bladder and bile ducts in a few in- 
stances. This gas probably comes from the intestinal lumen. The fol- 
lomiig case reports exemplify choleej’stenteric fistula with gas in the 
lucts : 
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Case 4. — jNI. S., a woman 35 years of age, had had indigestion and discomfort 
in the rigid upper aljdominal region all of her life. At operation four years pre- 
viously, the gall bladder had appeared to be normal, but there was a large cyst of 
the common duct that was not definitely identified as such at the time. The cyst 
was drained and an external biliary fistula resulted. Three months after the first 
operation laparotomy vas performed again. A large lycopodium granuloma was 
removed and an anastomosis between the common duct and the duodenum was per- 
formed. The patient remained free from symptoms until about four months before 
her present entry, when she began to have transient attacks of nausea and pain in 
the right upper quadrant of the abdomen. She had many such attacks and sutfered 
a chill with one of them. On physical examination no abnormal findings were noted. 
There was a healed scar in the right upper quadrant. The laboratory findings 
were within normal limits and the patient was afebrile. 



, f-nsp 4 Choledochoenteric fistula. Roentgenogram of a patient who had 

nad"^ a- ‘r^ih? nglif Oua^dirn\ ^a°c“c''onTpTn‘l’e1l 

Jja^ie'Tand'chms. Tl?e^?^^^ S-H 


Cholecystography was done by the intravenous method. The gall bladder was 
^ i. "viv the onaoue material but in all the films appeared a shadow 
,ot jjlpe of the gall bladder (Fig. 4). A barium meal showed 

f hnrinm into the common duct. Operation was not advised, 
some reflux oi uai 

■p p a woman 54 years of age, had had a cholecystostomy two years 

CASE 5. ■ ‘ onioodes of cholecystitis with colic, of twenty- four years’ 

• 1 -fnr rCCUrriDff 

previously until eight months before entry, when she began to 

duration. She was right upper abdominal quadrant with chills, 

have attacks of set ere P‘ times, and Jaundice. She lost fifty pounds 

nausea and vomiting, ever jaundiced. .Siic was 

in weight in eight roon s. - feuderness beneath the right costal margin. The 
obese and them was 
laboratory findings were not 
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The gall blacWer did BOt fill with the opaque solution given for cholecystography, 
but a collection of gas was seen in the gall bladder (Fig. 5/1). A barium meal 
showed 95 per cent gastric residue after three hours. A small amount of barium 
was seen in the gall bladder (Fig. 5B) and the duodenal bulb did not fill. At 
operation a very hard mass, about 6 cm. in diameter, was found in the region of 
the pylorus and gall bladder. It was bound down by firm scar tissue to the stomach, 
liver, duodenum, and transverse colon. In an attempt to free this mass, a fistula 
between the gall bladder and stomach was encountered. The gall bladder contained 
numerous small faceted calculi. A biopsy of the tissue was taken and a report 
of adenocarcinoma was made. Because of the poor condition of the patient the 
opening in the stomach was sutured, an anterior gastroenterostomy was done and 
the gall bladder was drained. The patient died of peritonitis; autopsy was not 
granted. 



A. B. 

Fig. 5, 

of ,*-h°,iecystogastric fistula. X-ray film showing gas in the gall bladaer 

oonoo of iS" o') ^ cholecystogastric fistula demonstrated at operation. Tlie 

se or the fistula was malignant ulceration ot the stomach involving the gall bladder. 

following a barium meal, the gall bladder shown in Fig. tiA is partly 
niied with barium and gas. 


Case 6. A. S., a woman 41 years of age, complained of painless jaundice of 
twche days’ duration. At operation, May 31, 1940, carcinoma of the iiead of the 
pancreas was found. A palliative cholecystoduodenostomy was done. 

One and one half years later tlie patient returned to the University Hospital, 
t tliat time slie complained of recurrent episodes of nausea and severe pain in the 
right upper quadrant of the abdomen. The pain radiated to the back and was 
accompanied by a sensation of epigastric distention. Tins attack was of two weeks’ 
t oration. There was tenderness tliroughont the abdomen, most acute in the right 
upper quadrant. Mhile the patient was in the hospital she iiad repeated attacks 

? ™ ’■’S'A upper quadrant, with vomiting. Her temperature rose 

to 102.2“ F. on several occasions. 

h showed the gall bladder, common duct, and hepatic ducts to 

e ed witli gas. A barium meal showed marked contrast between the intestine 
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!in(l the giis-tilled l)ik> ducts ))ut iiuiie of the opaque material entered the bile ducts. 
The patient died two months latei. At autop.sj- carcinoma of the ampulla of Yater 
with extension into the ])ancreas was found. 


Several ca.se.s of cholccyslenteric fistula with x-ray evidence of spon- 
taneous filling of the gall bladder or bile duets tvith gas, similar to the 
three cases .just described, are reported in the literature. 



g Case 0 fistula. Roentgenogram showing gas in the 

vnW bladder and t "'ho had had a cholecystoduodenostomy for 

laicinoma o£ the -half ye.ars previouslj. 


Von Friedrich deserilted two eases in whieli tlie gall bladder, common 
duct, and hepatic duets were filled spontaneously with gas. One of the 
patients had previously had a .surgical cholecystoduodenostomy for car- 
cinoma of the pancreas. The second patient had a spontaneous cholecyst- 
duodenal fistula associated with cholelithiasis. In both cases attention 
directed to the condition because of episodes of acute ciiolaiigilis, 
'' id the presence of gas in the gall bladder and ducts was discovered by 
examination Ileiiiy described a case of choledochoduodenal fistula 
^'■Twas in the common, hepatic, and cystic ducts. Polilandl reported a 
I Iccvstoo-astric fistula secondaiy to cholelithiasis in wliicli gas 
case 01 c lo o bladder, common duct, and hepatic ducts. Powers 
was found in i cbolecystoduodcnal fistula caused by chole- 

described t nee dcmouslratcd in the biliary duets. Berg ru- 

lithiasis, in v ue between the bile duels and intestine, in whicli 

ported six cases o . tract Three of them were caused hv chole 

gas was found in the bmai. 
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lithiasis, two were associated with duodenal ulcer, and one was caused by 
carcinoma of the stomach. 

The sinijilest and most obvious way that g-as may enter the bile duets 
from the intestinal tract is through a surgical anastomosis between them. 
Spontaneous fistulae between the gall bladder and various parts of the 
intestinal tract, notably the duodenum, stomach, and colon, are knovm 
to occur and they also are potential soui’ccs of gas in the gall bladder 
and bile ducts. The possibility of regurgitation of gas from the duo- 
denum into the biliary duets and gall bladder by way of the ampulla 
must also be considered in connection with this phenomenon. With our 
present information, it is impossible to say whether or not it has occurred. 
Berg attempted the retrograde filling of the bile duets with air and gas, 
but witliout success. The I’are instances in which barium has been 
reported to have passed from the duodenum into the bile passages at 
examination by barium meal, and the isolated cases in which foreign 
bodies have undoubtedly entered the gall bladder from the intestinal 
tract through apparently normal bile passages, make the possibility of 
this source of gas in the bile passage.s a matter for consideration. 

It is probable that the ga.s appearing in the bile duets and gall bladder 
comes from the gases that noimally exist in the intestinal lumen, and 
that it entei’s through the stoma of the cholecystenteric communication. 
The possibility must be considered, however, that anaeroliie gas-forming 
bacteria, introduced into the gall bladder and bile passages through a 
fi.stulous opening in the gastrointe.stinal tract, might grow in the bile 
passages and produce gas in a manner similar to that described above 
for the fir.st type of case (gaseous cholecystitis). No record was found 
of a proved case of this type. 

tnder circumstauces other than .surgical anastomosis between some 
part of the bile passagesmnd the gastrointestinal tract, the presence of 
gas in the gall bladder or bile duets may be stronsly suggestive of spon- 
taneous fi.stula between these tracts. In such cases the patient’s course 
often suggests chronic disease in the gall bladder with episodes of severe 
cholecystitis, cholangitis, colic, or inte.stinal obstruction. Since these 
patients usually have had disease of the gall bladder for some time, it 
is not surprising that the gall bladder tends to be either normal in size 
or somewhat smaller than usual, and that the bile ducts appear somewhat 
larger than would be expected normally. The commonest cause of these 
fi.stiilae is probably calculous cholecystitis with infeetion and ulceration 
of the gall bladder. Rarely, peptic or neopla-stie ulceration may produce 
eholeey.stenteric fistula. Further confirmation of the pre.sence of- .such a 
fistula may sometimes be accomplished by the use of barium enema or 
baiium meal. The discovery in the stool of veiy large calculi of biliaiw 
oiigin is also valuable confirmatory evidence of eholeeystenterie fi.stula 
^\hcn the gall bladder or bile ducts are filled with ga.s they niav be 
visualize*! by x-ray examination and this seiwes as a valuable means of 
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cslablisliing llie diagnosis oi' cholecystcnieric fisluia. In these cases the 
bile duets as well as the gall bladder are usually, though not always, out- 
lined in gas. 


The treatment of patients Avith cholecystenteric fistula in which there 
is evidence of communication betAvecn the bile passages and some portion 
of the gastrointestinal tract, as manife.sted by gas in the gall bladder or 
bile ducts, is essentially tiie same as that outlined elsewhere for such 
fistulae. Expectant or conscrwativc treatment during the acute phase 
would, therefore, be in order, unless intestinal obturation by a biliary 
calculus causing intestinal obstruction occurred. Many of these fistulae 
have been reported to have healed spontaneousl3^ If operation must 
eventual^" be do2ie in a case of cholecj'stenteric fistula, a quiescent period 
will probablj’ offer a more faA’orable opportunity to correct the lesion 
and effect repair. 

3. Differential Diagnofsis. — The differential diagnosis of cases in Avhich 
gas is found in the gall bladder on x-raj' examination is usualty not 
difficult. The clinical picture of the onset of acute disease of the biliary 
tract in the two types of cases in rvhich gas appears spontaneously in the 
gall bladder maj" be somewhat similar at the onset of the condition. The 
x-raj' findings and the subsequent clinical and roentgenologic courses of 
the two t 3 "pes of conditions, howeA'er, are usually different. In a case of 
cholecystenteric fistula Avith gas in the gall bladder, the gall bladder is 
likelA’’ to be normal in size, or small, and the bile ducts as Avell as the gall 
bladder contain gas visible on x-raj^ examination. In cases of infection 
of the gall bladder Avith anaerobic gas-forming organisms tlie x-ray film 
usually shoAVS an enlarged or distended gas-filled gall bladder Avithout 
evidence of gas in the ducts. In the anaerobic type a flirid level may be 
seen in films taken in tlie upright position. In addition, a ring of gas 
outlining the gall bladder is usuall,v obseiumd. Neither of these has been 
found in cases of fistula. The changes suggesting disintegr-ation of the 
o-as in the gall bladder, its spread into surrounding tissue, and later 
absorption are characteristic of anaerobic gas-producing infections of 
the «-all bladder and are not found in cases of cholecjAstenteric fistula. 
The "use of barium contra.st medium may help to confirm the presence 


3 f fistula. . 

T1 x-ray appearance of the circAUufcrential nng of gas present m 
t^*^<ra'seous cholecystitis may be simulated by lipomatosis of the Avail 
11 bladder.* Kommerell reported such a case. The reason for 
of the ga ^ lipomatous tissue, possessing a density le.ss than 


hat of surro however, can bo dif- 

rround ' ^.Jgeo^s’infiUi-ation by the changes Avbieh occui- from 

erentioted iio infection, Avhile lipomatosis of the Avail of 

lav to day in the ca - nnifoim appearance. Fui-thcrmore, thci-c 
he gall level in the gall bladder in the ease of lipomatosis. 



MG COKKLE AND FONG : GAS IN GALE BLADDER 


867 


SUMMARY 

There are two types of pathologic conditions in which the spontaneous 
appearance of gas in the gall bladder may be demonstrated roentgeno- 
logically. The first occiu-s as a result of an acute infection of the gall 
bladder \ritli anaerobic gas-forming bacteria. The second is the result 
of an abnormal communication between the gall bladder or bile ducts 
and some part of the gastrointestinal tract. Air may enter the gall 
bladder or bile duets dui'ing surgical procedures on those stnietures or 
during cholangiography, but at the present time this source is considered 
to be of little diagnostic significance. 

In every ease reviewed in this report an episode of acute cholecystitis 
led to the discoveiy of gas in the gall bladdei-. X-ray examination is 
essential for the diagnosis. The x-ray and clinical findings in both types 
of eases ai-e described and illustrated. 

Conseiwatism is the keynote in the therapeutic management of the 
cases in which gas in the gall bladder results from anaerobic gas-pro- 
ducing infection. It also seems desirable to pursue an expectant course 
in eases in which a choleeystenteric fistula is suggested by a gas-filled 
gall bladder, allowing opportunity for the acute inflammatory process 
to subside and a chance for the fistula' to close spontaneously before 
operation is undertaken. 
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THE SURGICAL TREATMENT OF CARCINOMA OP THE 
ST05IACH IN AGED INDIVIDUALS 


Ralph P. Bowers, M.D., New York, N. Y. 

(From the New York Sospiial and Cornell TJnh'ersily Medical College) 

r\URING the past decade there has been a growing interest in the 
surgical attack upon carcinoma of the stomach. The use of x-ray 
therapy alone, which at first seemed to offer sufficient palliation to justify 
its application at least in those eases which were considered inoperable, 
has proved to be disappointing and it has become obvious that the only 
hope in obtaining five-year or permanent cures, or definite palliative 
relief lies in gastric resection. 

The more or less hopeless attitude toward radical gastric resection 
which was present in the 1900 ’s was largely based upon a high mortality 
rate and a belief that actual help to the patient did not justifj' the use of 
this dangerous procedure. But with the passage of time, eases are now 
kno^vn to have survived ten, twelve, fifteen, twenty and twenty-tw’o years 
following the radical operation. Actually, the number of cases reported 
is small but the fact remains that these people lived because of the opera- 
tion and that alone. It is true that some of these long-lived eases died 
eventually of metastases distant in location from the gastrointestinal 
tract. Thus, some hopelessness still persists today, but the present re- 
sults do not support such profound pessimism. Cooper,^ in a recent 
article, states that 44 per cent of operable eases have survived five years. 
The eases which died before the expiration of five years in large propor- 
tion were improved and their sjTnptoms greatly relieved for from one to 
tour years. When one realizes that the patients who were explored but 
not subjected to resection had to endure nine months of starvation, 
debility, and wealmess before death, the chance for cure or five-year cure, 
or even several years of comfortable living should not be disregarded. 
It must be pointed out that those patients who survive resection even 
though cure is not to be expected, die within four years postoperatively, 
but their lives prior to death are often normal and their death, due to 
metastases to the lung or liver or generalized carcinomatosis, is fre- 
quently not attended with prolonged starvation. 

Physicians who are familiar with the natural course of the disease 
know t hat carcinoma in the aged indmdual exhibits a slower grow'th 
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STOJIACH IN AGED INDIVIDUALS 


Ralph P. Bomters, SI.D., New York, N. Y. 

(From the Xew YorJ: Sospital and Cornell University Medical College) 


jPxURING the past decade there lias been a growing interest in the 
•L' surgical attack upon carcinoma of the stomach. The use of x-ray 
therapy alone, which at first seemed to offer sutficient palliation to justify 
its application at least in those cases which were considered inoperable, 
has proved to he disappointing and it has become obvious that the only 
hope in obtaining five-year or pewnanent cures, or definite palliative 
relief lies in gastric resection. 

The more or less hopeless attitude toward radical gastric resection 
which was present in the 1900 's was largely based upon a high mortality 
rate and a belief that actual help to the patient did not justifj' the use of 
this dangerous procedure. But with the passage of time, eases are now 
known to have survived ten, twelve, fifteen, twenty and twenty-two years 
following the radical operation. Actually, the number of eases reported 
ts small but the fact remains that these people lived because of the opera- 
tion and that alone. It is true that some of these long-lived cases died 
eventually of metastases distant in location from the gastrointestinal 


tract. Thus, some hopelessness still persists today, but the present re- 
sults do not support such profound pessimism. Cooper,® in a recent 
article, states that 44 per cent of operable cases have survived five years. 
The cases which died before the expiration of five years in large propor- 
tion were improved and their symptoms greatly relieved for from one to 
tour years. When one realizes that the patients who were explored but 
not subjected to resection had to endure nine months of starvation, 
debilit}', and weakness before death, the chance for cure or five-year cure. 


or even several years of comfortable living should not be disregarded. 
It must be pointed out that those patients who survive resection even 
though cure is not to be expected, die within four years postoperatively, 
but their lives prior to death are often normal and their death, due to 
metastases to the lung or liver or generalized carcinomatosis, is fre- 
quently not attended with prolonged starvation. 


Rhysicians who are familiar with the natural course of the disease 
faiow t hat carcinoma in the aged individual exhibits a slower growth 
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of the original tumor, a less rapid advance of the metastatic lesions and, 
therefore, a longer course before the disease advances sufficiently to cause 
the deatli of the individual. Therefore, it would seem that aged in- 
dividuals have a better chance for permanent cure or at least more pro- 
longed palliation than younger people. It is because of this that we 
have renewed our interest in attacking these serious lesions in the aged, 
as well as in the young or middle age group. 

Table I 


Statistics on Gastric Cancer in Persons Over GO Years op Age (1932-1940) 
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telligent use of sulfapyridine combats pneumonia to the point where it is 
now much less dangerous a complication, and although all cases cannot 
be saved by its use, the number of deaths clue to postoperative pneumonia 
is decreasing. Also, in combatting pneumonia there is less coughing, less 
dyspnea, less abdominal distention, and consequently less strain on the 
sutured wound, and therefore this probably reflects itself locally by de- 
creasing the number of cases of evisceration. Through-and-through 
silver wire in approximating the wound also is a safeguard against 
evisceration for it tends to maintain the integrity of the wound in the 
presence of infection. Postoperative embolism is still an important 
factor, and as the other complications decrease in severity it is more 
apparent as a cause of death than it was previously. In this age group 
we have kept the patients in bed immediately following operation, but 
now we often allow them out of bed and walking in three or four days 
following operation. Wliether this pi-events embolus formation is not 
proved, yet the fact that not one of these patients died of embolus or 
had clinical pulmonary emboli suggests that this treatment may have 
added something to their prevention. Also, with the increasing use of 
heparin it is to be hoped that this verj’’ serious complication may be 
limited still further. 

It is to be noted that in the pre- and postoperative phase measures are 
carried out which seem to be very helpful in preventing serious trouble. 
In patients with carcinoma one is impressed with the fact that there is 
a low acidit}’^ and that there is a heavy bacterial growth on the ulcerated 
lesion. Consequently, wound infection and peritonitis are much more 
commonly seen in patients V'ith carcinoma as compared with those with 
ulcer, in whom the same operation is often used. Jlore attention should 
be given to the fact that the carcinomatous stomach is an infected 
stomach. Wangensteen had developed a closed technique for gastric 
resection because of the high incidence of infection. The measures that 
may be used to help prevent serious infections are lavage decompression 
when obstruction is present, and the administration of sulfaguanidine 
or sulfadiazine previous to the operation. The results of this therapy 
will probably show a small incidence of infection. Full vitamin balance 
can now be obtained in a very short time and should be utilized in these 
eases preoperatively. Fluid balance in the dehydrated patient and high 
caloric intake by supplementary glueo.se, elyses and infusions ai'e also 
important. A study of the circulatory system of these aged individuals 
and a correction by the use of digitalis and other drugs if necessary is a 
valuable preoperative aid. It is important in the preoperative phase that 
the patient be ambulatory in order to prevent stasis of the circulation. 

Diagnostic Aids . — It is obmous that early operation in aged in- 
dividuals is as essential as in other groups if good results are to be 
0 named. The history of the patient is often the most important and 
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effective lead to an early diagnosis. The insidiousness of the disease and 
the apparent neglect of the individual to become interested in his sjnnp- 
toms are well known. The physician also maj' not be impressed because 
the symptoms of loss of appetite, anorexia and weakness, may be con- 
sidered the result of age rather than the manifestations of an organic 
lesion. The physical examination in the early stage may fail to reveal 
anything of note and the physician may be deceived because the physical 
examination seems negative. Any patient with a history of loss of ap- 
petite, aversion to food, loss of weight, and weakness must be suspected 
of having gastrointestinal carcinoma until proved otherwise if we are to 
diagnose the early cases. Laboratory aids are helpful but not in them- 
selves positive. Gastric analysis in about 90 per cent of the patients 
shows a low gastric acidity, but there are 10 per cent in whonr the acid 
may be high. Bacteriologie studies of the gastric .iuice are helpful. 
Patients with ulcer verj'^ seldom show a high titer of bacteria, but in 
carcinoma the Boas-Oppler bacillus as well as numerous pyogenic organ- 
isms can be found in tlie gastric juice. The finding of blood in the 
gastric juice maj’- or may not be helpful. Stool examination reveals 
occult blood in a high percentage of the cases, but this is not always 
present. X-ray examination is extremely helpful, but one must not de- 
pend on the x-ray examination alone because in a very small early lesion, 
particularlj' on the greater curvature but also in the prepyloric region 
and upon the lesser curvature, it may be overlooked in the early stages, 
The x-ra}' examination also may be misleading in that it may appear to 
show a hopeless cancer of the stomach which at operation is demonstrated 
to be an early resectable lesion. Therefore, x-ray must not be relied upon 
completely as to the presence or operability of gastric carcinoma. 
Gastroscopic examination which has been so enthusiastically advocated 


by Schindler and has been adopted in most of the clinics in the country 
also is a valuable adjunet, but again has its limitations. The prepyloric 
region of the stomach can quite accurately be examined, but there arc 
parts of the lesser curvature which cannot be seen even though the 
growth at that site may be large, Gastroscopists, as a result of their 
examinations, have stated that a lesion was' hopelessly inoperable when 
at operation we have been able to do a successful radical resection. 

In renewing the diagnosis of early carcinoma as determined by our 
experience, it is apparent that neither a careful history or pliysical exam- 
ination nor any of the laboraW aids arc individually conclusive but, 
taken to-ether, serve to establish the diagnosis of cancer in a fairly high 
‘ ortion of eases. In a small proportion of cases, exploratory laparot- 

L .ppe»>* •» ''' ” r'"’"'!'. 

■ j ■ TJje choice of ane.sthc.sia in this group of cases is diffi- 

Anes ic • varie.s in the hands of different operators because no 
cult to ma 'C < ‘ ^ a]] cases. Local anesthesia eon be used in 

rule can be appm^'-* 


one 
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some, but it must be borne in mind that certain of these elderly in- 
dividuals null show a definite reaction to the use of novocain, and we 
have had to abandon the operation because of such reactions in two 
patients. Gas-ether anesthesia raises the blood pressure and may be a 
eontributorj’ factor in some of the vascular accidents, therefore it has 
not been generally used. Open-drop ether has been found to be satis- 
factory even in those cases with cardiac involvement. We have felt that 
avertin is too depressing in these individuals, and that spinal anesthesia 
with its resultant lowering of the blood pressure in a great nimiber of 
eases may be a factor contributing to vascular disturbances in patients 
of this age group. Consequently, local anesthesia, if it is possible to use 
it, or open-drop ether are in our experience the anesthetics of choice. 

Procedure . — The operative procedure used is the usual radical resec- 
tion either of the Billroth type II when the tumor is small and in the 
pyloric region or of the Polya-Hofmeister type, making the anastomosis 
either retro- or anteeolie depending upon the anatomic relations that 
exist. The Hofmeister operation has been a very successful one in our 
hands. We have not used the closed type of operation in any of our 
cases. 

Postoperative Cure . — ^Por a period of twenty-four to forty-eight hours 
nothing is given by mouth and the fluid balance is maintained by clyses 
and infusions. One ounce of water by mouth per hour is begun between 
twenty-four and forty-eight hours postoperatively and this is graduallj’^ 
increased until the patient is taking a six-feeding soft diet at the end 
of one week. In some cases we have increased this much more rapidly 
without ill effect. With through-and-through wires present in the 
wound, one is able to allow the patient out of bed as soon as the post- 
operative reaction has subsided. It is important to continue mtamin in- 
take as well as to maintain the fluid balance. The sulfonamide therapy 
usually is continued four to five days postoperatively, proidded there are 
no signs of toxicity, and then it is abandoned. The silver-wire stitches 
are remo%^ed from the fifteenth to twentieth day, and the patient is dis- 
charged from the hospital on anj-^ balanced diet that he desires. It seems 
ob\ious that the measures that are now’ utilized in the pre- and post- 
operative phases are contributing to a low’ mortality rate. 

DISCUSSION OF CASES 

] OS years. A nine-montli history of anorexia, loss of weight, 

* ^''crgy, and general malaise had been recognized by this physician as symp- 
suH* ° carcinoma of the stomach. He was opposed to operation and did not con- 
0- p u sician until at the end of nine months the symptoms, plus vomiting, he- 
^iine so marked that he begged for any relief that could be offered. The physical 
H'iti objective tests indicated that the lesion was hopelessly inoperable 

peritoneal carcinomatosis. Exploratory laparotomy was performed and the 
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stomach was found to ho complctelj- involved. There were metastases in the li'er, 
omentum, regional glands, and poiitoneum. Because of the distressing vomiting, a 
site on the anterior aspect of the stomach was chosen for gastroenterostomy, which 
did not function satisfactorily, and the patient succumbed on the twelfth day of 
bronchopneumonia. The case demonstrates a physician who tliought it was hopeless 
to ever have gastric resection pei formed for carcinoma of the stomach and chose 
to die lather than have the opeiation, but became so miseiable that he begged for op 
elation at a time when all chance of recoiery or palliation was gone. 





— Case 1 . Dr. H. 

c .in-Pil GO vears. This was a patient witli scierc cardiac disease, 
Pace ^ f, 

been treated at tlie Kockefeller Institute for a period of over two years for 

who had een ijeconipensation. For ten months preiious to admission he hud 

intermittent car * cardiac .symptoms, anorexia, weight loss, and weakness, 

developed, along suspected but liis plijsicians did not consider opora- 

Carcinoma of t le s cardiac disease. At the end of ten montiis of these symp- 

tion because of hm phase had improved and it appeared that lie was dying 

toms, however, the car ^ showed a large lesion in the prepjloric region which 
now from starvation. > that operation was thought to be a mere gesture, 

was considered to o „„ipnientcd by open-drop other, exploration was performed. 
Under local anesthesia su curvature, ns well as seioral places in the liier. 

The IjTuph nodes along p.,^trie rc-ection was done and his postoperatiie course 

contained small metastases. • 
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was uneventful. He lived without gastric symptoms for two years and four months 
following the operation. One cannot saj’ that he did not die of carcinoma, but his 
palliation was real. 

Casb 3. — Mrs. D., aged 65 years. This woman had had a cholecystectomy for gall- 
stones with biliary colic three years previous to the onset of the gastric symptoms. 
While performing the cholecystectomy the operator explored the abdomen and found 
nothing pathologic in the stomach or other organs, with the exception of the gall 
bladder. Two years later this patient began to complain of indigestion of the type 
which she herself felt was different from the indigestion that attended the gall 
bladder disease and she immediately sought the advice of her physician about it. 
Her family physician, knowing that her original trouble was gallstones, thought she 
might be having indigestion associated with biliary tract disease, coirected her 



Fig. 2.— Case 2.. Mr. S. 


diet, and waited for one month. At the end of tins time the symptoms persisted 
m spite of the dietary correction, so he made laboratory studies which showed a 
low gastric acidity, occult blood in the stools, and a small but definite neoplastic 
involvement of the prepyloric area in the x-ray. After the proper preparation, ex- 
ploration was done under ether anesthesia. Tlie lesion was movable and there were 
a few small involved glands on the lesser curvature, A Hofmeister resection was 
e.isily performed. There was a mild wound infection but no fear of evisceration 
because of the presence of silver wires. Kow, twelve montlis following the operation 
she is in good health, but having some difficultv with eating large amounts com- 
fortably. 





Fig. 3. — Case 3., Mrs. D. Fig. 4. — Case 5.. Mrs. 
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Case 4 . — Mrs. McD., aged 70 years. This is a woman who had been perfectly 
healthy all her life and had never had to consult a physician, who began to have 
anorexia, loss of weight, and wcahncss fifteen months before admission. One month 
before admission, while vacationing in Vermont, she had a large gastric hemor- 
rhage, evidenced by the vomiting of large amounts of blood, as well as passing 
tarry stools. She recovered from the hemorrhage, and on examination showed lo.ss 
of weight, anemia, a large muss in the left upper quadrant, and also inability to take 
at tlint time a teaspoonful of water without regurgitation. The gastric juice .showed 



Fie. 5. — Case 6- Mrs. S. 


fre.'h blood and no acid. The stools were positive for blood and the x-ray showed 
a huge lesion involving almost the entire stomach. On exploration under ether 
anesthesia there was a huge carcinoma involving all of the stomach except about 
two inches in the cardiac region. The lymph nodes along tlie lesser curvature were 
extensively involved. One or two metastatic areas in the liver were found. Because 
of her inability to take oven water, a gastric re.seetion was done, but it was nceessarv 
to leave some of the involved glands. She developed broneliopnoumonia on the fortv- 
eighth hour, was given sulfapyridine, and promptly reec)verc<l. A mild infection 
ef the wound developed hut this cleared upon drainage. This patient lived six 
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months following the operation, and up to two weeks before Iier death was able to 
cat all kinds of soft foods with comfort. 

Case 5. — Mrs. B., aged 58 years. Tliis patient had suiferod from dyspepsia for 
ten years. Three years before admission her indigestion became more marked, she 
lost her appetite, lost u eight, and was unable to eat even small amounts of food 
without feeling “full.” Slie did nothing about this until she had lost twenty pounds 
in weight and became so weak that she could not do her housework. Physical ex- 
amination showed only loss of weiglit and tenderness in the epigastrium. There 
was no free acid, but there was persistent occult blood in the stools. X-raj' exam- 
ination slioued a fairlj’ large neoplasm in the prepjdoric area, whicli was e.xplored, 
and uas easily movable and resected radically. Her postoperative course was un- 
eventful and .she is now living, five j-ears following the operation. She still has what 
seems to be the initial indigestion, but has maintained her weight and vigor. 



'•8 vears. Accurate history «as diflictiU to obtain due to 
Case 6 .— Mrs. S., age months the patient had had marked ueight loss, 

— ditfieulties. on debility. Physical e.xarninatinn .shoued eriineiation 

weakness, lack of "PPf iLfric region uhich mored on respiration. Gastric 

. mass in tiie icii b 
and a tumor 
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analysis revealed no acid and stools were positive for occult blood. X-ray showed 
a large neoplastic involvement of the midportion of the stomach with obstruction. 
Considerable hesitancy was felt about operating on this patient on account of her 
age and emaciation. However, exploratory laparotomy was done under ether an- 
esthesia and a radical gastric resection performed with ease. Xo metastases were 
found. She had an uneventful convalescence and is living and well fourteen months 
after operation. 



Figr. 7 . — Case 8 .. Mr C. 


Case 7.— -Hr. H., aged 05 years. This patient had a ten months’ history of 
going downhill.” He had mild epigastric pain, a poor appetite, and marked 
weakness. Examination showed an anemic, emaciated man with a palpable mass 
in the epigastrium. Gastric analysis revealed no free acid and stools were positive 
for blood. X-ray showed a large tumor in the prepyloric region and gastroscopy 
confirmed this. Exploratory laparotonij- was done under ether anesthesia and a 
Hofmeister procedure carried out. The patient had an uneventful recovery with 
the exception of plilebitis which cleared quickly without special treatment. He 
is living and well ten months after operation. 

Case 8. ^Mr. C., aged 7.8 years. For one yeai this patient had been complain- 
ing of epigastric pain, and discomfort after eating. He lacked appetite and had lost 
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weight. Seveial days before admission to the hospital he began to have fever, 
chills, and persistent vomiting. Examination revealed a very sick man with a 
temperature of 39° C. and a picture of an aerrte condition of the abdomen with 
rigidity and tenderness in the upper quadrant of the abdomen. With conservative 
measures the patient recovered from this episode but still continued to run a fever, 
occasionally vomited, and lost more weight. Gastric analysis revealed no acid and 
the stools were positive for occult blood. X-ray examination showed extensive neo- 
plastic involvement of almost the entire stomach and gastroscopic report stated 
that the lesion was hopelessly inoperable. Exploration was done rrnder ether an- 
esthesia, the entire tumor was easily delivered, and a high almost total gastric resec- 
tion was accomplished. Tliere were no complications and the patient is alive and 
well, one year and two months following the operation. 



jr,P s. — Case 0 . Mrs. MacD. 


MacP •i"'ed 82 years. This palionl had had indigestion for the 
Case 9.— Mrs. ‘ ^ underlying suspected condition being gallstones, 

past two and ‘ n,’ensurcs for (hi«, hut finally .she her.self began to notice 

She -was treated by nbdomen. All this uas attended with lack of ap 

a movable “ball in .jo,„iting on oeriisimi«. Stool e.vainination nas negatne 
petite, loss of annh-si" "a- omitted. The way picture slioued 

for occult blood and a sliort 

a large circumscribed r. „,orapy nnd correction of iier dcliydrat ion, ex 

period of preparation m ,,„p,,),cMa eomhined nitli local infiltration. The en 

ploration aas done under 
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tire stomach rras easily delivered and a Hofmeister radical gastric resection rvas 
performed. The patient was up and out of bed on the thrrd day and ate regular 
food on the fifth daj-. Her recovery was entirely uneventful artd she is now Irving 
and well, nine months after operation. 

SUMMARY 

From a study of tiiesc eases evidence is accumulated wliicli stx’ongly 
suggests that far from hopeless results may be anticipated in the aged 
patient with carcinoma of the stomach, and that with prompt recognition 
of the condition and proper preparation, operation can be safel}" done 
with results, if anything, better than in the younger age groups. 



TEANSTHOEACIC ES0PHAG0GASTE0ST05IY 


Cranston W. Holman, M.D., and Barton McSwain, M.D., 
New York, N. Y. 

(Jf'rom the Department of Surgery of the New Toil: Sospital and Cornell Vniveisity 

2Iedtcal College) 


T he primary object of this report is to comment upon the teclmical 
features of an esophagogastrostomy performed upon a patient with 
carcinoma of the stomach and lower end of the esophagus. The un- 
expected, successful immediate result demonstrates that this procedure 
may he used to good advantage for the treatment of esophageal car- 
cinoma that involves any part of the esopliagus distal to the hifureation 
of the trachea. Transthoracic esophagogastrostomy is now an acce])ted 
metliod of treatment for lesions of the lower third of the esophagus and, 
although Ochsner and DeBakey,' in 1941, collected only seven success- 
ful cases, the number now is considerably higher. Tlie operation to be 
described demonstrates the usefulness of this procedure, also, for lesions 
of the middle third of the esophagus. Otlicr papers (Carter and Steven- 
son “ Garlock,'’ and Adams and Phemistei"') may he consulted for a 
complete review of the treatment of carcinoma of the esophagus. 


CASE HEPOIIT.— A male, 60 ycare of age, entered the Non Yorlt Hospital 

nith symptoms of weakness, loss of weight, lower subsfernal pain of eight months’ 
duration, and vomiting of one week’s duiation. Physical e.vaniination showed a 
clironically ill man hut otlieiwisc was not leniarkahle. A lesion of the caidinc end 
of the stomacli was demonstrated by \-iay. 

Abdominal exploration on Juno 2.a reicaled a eaieinoma of tlie posterior wall 
f 'thp cardiac end of the stoniaeh that extended from tlie esophageal opening dis 
tallv for a distance of appioxiiiiateU foiii inches (.see Fig. 1). After satisfactori 
‘ e of the lesion was obtained by mobilizing the upper end of the stomach 
exposur g-axtric artery, it was decided that a tiansthoracic approach 

wouirgieatly facilitate the remoial of the lesion. 

1 imal distention delaied the tiansthoracic procedure until Jiilj 0, sixteen 
AbUom . opened through an intercostal incision in 

days later. ostal space and the seientli to fifth libs incUisiic weie diiided 

the se'cnth ot the esophagus was mobilized, following which the 

posteriorly. found that the stomach, sjilccn, and li\cr were 

diaphragm was opeiic . Ip d,,, diaphragm, so that it was difficult to 

closely adherent to eac During tlissection llio splenic \ein was injured, which 

establish a line o ecu e> ^ ^ turn facilitated the niohili/ation of the 

necessitated a splenector.ii , 


iiv but this tn t*'™ facilitated the mobili/atioii of the 
of the \e-sels along the lesser and greater eunaturc, the 


stomach. After ,^.,s rennned down to the antrum. From the anterior 

posterior wall of the ,,roxiniafeh seien inches long, was made and, “iir- 

wall of the stomach ” appeared to be adequate si,,,,. f|„. color of the 

dv enough, the > ooi 


prisingO 
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tnlie remained good. Tiie esopiiagus was telescoped into tlie stoinaclr as sliown in 
Fig, 2. The tube of tlie stomacli readied to tlie aortic areli without difficulty and, 
consequently, the anastomosis could be carried out without tension. Stay sutures 
were inserted, anciioring the csopliagus to the stomacli tube (see Fig. 3) so that 
the invaginated end of the esophagus would not roll back, as it has been shown to 
do in dogs.2 The sutures at the anastomosis approximated the mucosa of the 
stomach to the muscularis of the esophagus. Finaliy, omentum was drawn up and 
sutured snugly about the anastomosis. 

The postoperative course was complicated by a localized empyema which responded 
well to drainage. The patient was discharged six weeks after operation in relatively 
satisfactory condition and at this time was eating a regular diet. He died about 
five months after operation from liver inetastases. His personal physician reported 
that until the time of his deatli lie was able to swallow all foods satisfactorily. 


I. 



The findings and results in this patient In-ing np several intere-sting 
features. The first concerns the imjiortance of perfonning the trans- 
thoracic procedure not more than seven days after the preliminary ex- 
ploration. In tltis patient great difficulty was encountered in mobilizing 
the stomach because of the firm adhesions that had formed within the 
sixteen da5’s between operations. 

On the other hand, in a second patient whose second operation was 
performed within five days of the iireliminary exploration, no technical 
diffioulties were encountered. 



m Cfif n\ 


.'"'1 


riM 1!( 1 1 > r. \ t. . >r nil! ttiiii'iii 1 iiiiij.I'iiiii •! (if ih l(;«i of 
oil 1 -nil li til'll |iuii ii! ini' iiiMiii|i'» iliirntioii. (I( IK rill ( iKiiiiiKiliun v fit not ri' 
iiKitl.'ilil'' \ rini- fivi ili'l n li lull III till' inriliiK i ml of tin “toioiK'Ii itniihiiii; 
till- Imsi'r tliinl of iIik i nii'l. n'li'. I’ri Iinuii'iri i tplorntorv IniKirototin v.n« pfi 
foriiK I .Iiiif 1'. 11' 11, iiO'l t riiiiitlioriii !• • -"iiili ii;(ii;;,iitr,,.joij,\ l,t, {],!• motliOil Jk 
“I rill* il 111 (rirliM I. oilli n iikh il of itn- loi<ir tliinl of tlio i oiiilfujni uml rtirilni’ 
Mill of till' •'toll oil. ,111111' It, l"ll. Molilli/litioii of 111!' ktiiiii'ii li i',Ii“ iiri oin[ili'‘lK il 

MitlifiiK ilillii lilts , 'llii' I'lliMit nioiiritl vitlioiit i oiii|itii iilioii iitnl ii «('l! niiii 
IllOIllIl'' p'iilo|n "itllM 1\, 


'I’iic <nit‘iti"ti iiiti} iiiiiciio Iti wIh'IIk'I Of Hot pii'Iiiniiiiii y Ijiiitiiolomy 
is iii'i'issiiiy, (itiilocK has poiiilt-il out llio iiiiporlain'c of nsliii'^' this 
(licisioii opiin till' K suits ol pitopi‘i.iti\c liio|)sy of the Itsioii, If the 
lesion is pioveil to he adenoeaieiiioiiia it can he piesnnnd to iia\e tifisen 
either fioin Ihe .stoinaeh or fioiii irastiic nincos,i situated at tiie lower 
end of the esojiluiifus, iuid these tuiiiois fie(|uently develojt early 
inetastases to the li\er. However, if the lesion Is of the sf|uamous-c'ell 
tvpe it jirohahls arisis in Ihe esopha',;us and siieh tumors metastasi/e 
liite and insohe the li\er infietiuenlly. With this in niiiid, he eoiicludes 
that wheietis fora s(|uamous-eell lesion lapaiotomy is not indicated, for 
adenocarcinoma it definitely is. Ceitainly if \-iay demonstrates that 
tlie lesion iinohes the .stomach, a picliminary laparotomy should he 
done. 


The .seeond point of interest is the satisfactory manner in wliieh 
liealin',f of the anastomosis took place. A.s detailed, mucosa of the 
stomach was suttired to muscularis of the esophaKUs, since it was im- 
possihle to invert the stomach so as to appioximate serosa to muscularis. 
\t the time this was thou<iht to he most unsatisfactoiy and, as an addi- 
tional pieeaution. the omentum was drawn up into the chest and 
secinelv .sutuied about the line of ana.stomosis. This, in addition to 
the telcscoivin- of the esophagus for 2 cm. into the stomach tube, was 
(onsidcred an important feature in the satisfactory healing that took 
ilace In order to confirm this opinion a limited number of experi- 
|,’,e,ds were carried out on dogs. 

I one "-roui) of eight dogs, esophagogastrostomy was performed 
• ' '\lurphv button to anastomose stomach and esophagus. No 
using ^ • I reinforce the anastomosis and no sutures were 

(imcntum was . developed a leak at the 

iutroduew 1 .,.(omosis. In a second group of seven dogs, esophago- 
sitc of the an. . peiformed using a Murphy button but, in 

gastrostoiny „sed to envelop the line of sutures. No 

addition, the o group only one of the seven 

additional ^ the anastomosis. 

animals dev c ope trated by this patient was the apparent failure 

A third point c evidenced by his ability to swallow solid foods 

of a strielwT'^ tieen shown by the work of Carter and 
without diffimdty. ® formation is the usual occurrence follow- 

hi animals suieLui 
aievenson, m 
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ing an anastomosis in Avhich the esophagus is telescoped for a short dis- 
tance within the stomach. With this in mind, stay sutures were so 
placed as to anchor the lower end of the esophagus to the wall of the 
stomach tube, and it may he that these prevented a strictui’e (Fig. 3). 

Finally, we should like to emphasize the practicability of using trans- 
thoracic esophagogastrostomy for all lesions of tlie esophagus situated 
di.stal to the bifurcation of the traehea. Although in this particular 
patient a tube was made, in many it is possible to bring the entire 
stomach high into the chest without difficulty and, if the esophagus is 
sutured without tension, healing has proved, both clinically and experi- 
mentally, to take place readily. At any rate, it would seem that this 
operation may be performed with anticipation of satisfactory results 
in approximately 50 per cent of the le.sions of the esophagus. Whereas 
in the past a Torek procedure has been considered the method of choice 
for lesions of the middle third of the esophagus, it would seem that 
esophagogastrostomy may be used to greater advantage in some cases, 
not only from the viewpoint of lower mortality but from the viewpoint 
of the patient’s comfort and satisfaction. 
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TIIH TIUvATMKNT OF IM 1‘HXKTIfAHI.K HSOl’lFAOFAL .STRIC- 
Tl’UKS IFV A COMHINKI) INTRAHSOI’HAfJFAI^ AND 
HXTRAHSOIMIAOIFAD AI’PHOAf’H 


H. f. Dim-'II, .M.D., \Nt> Fi.i.rciii i! D. Wootnv.vni). ^f.D.. 
('itM:i,nrn>\ii,t,r. Va. 

{Vrom th* lU j (xriiitf vt'i t\f Sunu ru ot^il Otoitiriinifnludxt of thr I’l ii/^rntu nf 

Si hffit of i 


E SOlMIAOI'FAli tills! tiifliiiii is ;i rather fieiiueiil tieeiirreiiee. ^Fosl of 
tlie (ills! rile! ions aie flue eilhei' to I'ie.'it rieial sltainsis resiiltinir from 


tlic iiitrestioii (aeeideiilal or suicidal) of slroiiir alkalies or acids, car- 
einoina of tlie esoiiliairiis, tlivertieida, or e.'udiospasm. Less frctnicnlh", 
tileeratioiis oeeiir from other causes siieli as peptic ulcer, forei'rn hod.v, 
or other iiilliimmalor.v lesions anti lesnll in searriii!; ainl stenosis of the 
esophaiiu'^. Caieinoina will ntil h(> etinsideit'ti in this tlisetissiori. 

Complete fusion of the esophajreal walls re.sulliiur from extensive hums 
is tpufe uncommon, hut mulfi|de aieas of stricluie aie more freqtientl.v 
seen (Case II). While theie ma.v he eom)ilete hlockiiu; of the esophnsiis 
iit one point, usuall.v the remaiutler escapes such sevt're in,jur.v and can 
he rcadil.v dilated hy the usual means The ]iaticnt with a eomplefo 
henipn e.soiihaiieal olistiuetiou presents a difiicult therapeutic problem 
for which man.v iiroccdurcs ha\e heen advocated and tried, includintr 
not oidv diver.se methods of attenijilnur to ojicn ami enlarire strictures, 
hut also varitius attcmjits to construct an artificial esophamis either intra- 
thoraeic or extrathoracic. 


Itlost of the latter ha\e resulted in .such jioor suhstitute.s indeed for 
the nounall.v funetionimi e.sophajrus that it seems advisable to restore the 
csopluu'us to its normal function whene\cr this can ho accomplished. 
This eontrihution ]irc-sents a new method of aceomplishimi this end in 
the cases not amenable to simple methods 

In the Univer.sif.v of Yirgi’ba Hospital our records show that a total 
r fiftv-two strictures were encountered in forty-six patients. Tlie site 
° 1 tricturcs varied markedl.v in relation to the accidental or suicidal 

ofticsiio^ caustics. In the accidental group approximately 52 per 
ingc.s ion ^ upper third, 24 per cent were in the middle third, and 
cent Avcic m lower third. In the attempted suicide group, 

24 per con wei ^ ,>2 per cent in the middle third 

only 14 per Uurd (Table I and Fig. 1). Obviousb^ 

•ind 14 pci' ” ‘ 

• , codctv of Unnersity Surgeons, Cincmn.ati, Ohio, 

-^ontcit at the meeting of the Soc 
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tiie indindviaJs in tin's suicidal group were not deterred by taste or odor 
but swallowed the material with determination. Most of the cases of aeei' 
dental swallowing of strong caustics occurred in children wiio tend to 
expectorate promptly anything with an imsatisfaetoiw taste. In the 
accident group probably a smaller quantity of material was swallowed 
and the burn did not extend so far down the esophagus. 


Table I. The Btioloot axo Location or the 52 S'TRirTrnE.s, ExcorxTEBED 

IN iO Patients 


CICATKICIAI, STENOSIS 

OFFER THIRD ■ 

illDDLE THIRD 

I.OWEE THIRD 

Lye — aecihental ; 

IS 

s 

8 

Lye — suicidal i 

2 1 

10 i 

1 

Foreign botlv—accidental | 

1 

1 1 


Ammonia—accideiita! i 

3 

1 


Ammonia— suicidal 



1 

Lime — accidental i 



1 

Acid—aecidental | 

I 




22 

19 

i 11 


Only two patients in oiiv group presented an impenetrable stricture. 
One of these was in a twelve-year-old colored boy, wbich followed the 
accidental ingestion of lye. The other' was in an adult who swallowed 
a large quantity of lye with suicidal intent. This method was also 
applied in a third ease for reasons to be detailed later. 

iSarlj/ Treatment . — If these patients are seen immediately after the 
ingestion of the caustic, treatment can usually prevent the development 
of an impermeable stricture. The treatment consists of prompt lavage 
of the face, mouth, esophagus, and stomach with large quantities of 
the proper neutralizing solution. A nasal catheter can then be inserted 
down to the stomach and left in place ten to fourteen days or longer. 
This may entirely obviate the necessity for a gastrostomy. After three 
to four weeks the esophagus can be studied by x-i-ay and any abnormal 
narrowing noted. If there is any tendeucj' to early stricture, gentle 
stretching can be done under direct vision through the esophagoscope. 

Late Treatment. — Inasmuch as most of the eases do not present them- 
selves for treatment until two to four months after the burn of the 
esophagu.'!, the problem of stricture continues to present itself. Late 
cases are forced to seek treatment because of pain and increasing diffi- 
culty in swallowing, and usually present marked weight loss. Such 
patients almost invariably need a gastrostomy, both for feeding purposes 
and for retrograde bouginage. The gastrostomy should be of such a 
tJTJC, and so placed, that bouginage can be readilr accomplished. 
Gastrostomy of a modihed Stamm tj-pe in the midportion of the stomach 
performed in two stages is usually saiisfactory. The patient is given a 
string to swallow and the bougies can then be threaded on the lower end 
of the string after it is brought out through the gastrostom3* opening. 


CASES 




SS'S 


The i)!issiii.M‘ (if llic may not la- an easy (aal; ami may miuire 

1,'ri'at skill ami imifiiuily on lim |iaH of the iiliysiciaii.* Many otlier- 


uPPtn TMino 


MIDDLE third 


LOWER Third 



4 ) 14 * 7 . 


# I 4 T. 

SUICIDAL 


0-1 ,u.on MIDDLE THIRD LOWER THIRD 

I UPPER THIBU 

’ , .1.0 Incation and percentage in eacli tliird of the esophagus 

Pig. i._A graPR showing flfty-two strictures. 


,,, are conducted in tlie University of Virginia 

rhe string e>'^,!l°i'‘'lepartment liy the Department of Otolaryngology under the 
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wise impermeable stridtiires have been successfully treated by the use of 
the biplane fluoroscope, but not all are amenable to this method. 

For a limited group of cases in which these methods have failed on 
account of complete obstruction of the esophagus, we propose a double 
approach which has had some measure of success in our hands. It 
seems woi-th attempting in the difficult cases rather than to immediately 
condemn the patient to an ai'tifieial esophagus. In simple terms, it 
consists of guiding bougies through the area of stricture by external 



Pig. 2. Showing the threadlike stricture 2 cm long in the upper thud of the 

esopjia&ui on adnus^ton. 

manipulation effected through surgical exposure of the esophagus at 
the strietured area, but without opening the esophagus. The bougies 
are passed either from above or below, or both. The method is, of course, 
more easily applicable in the cervical portion of the esophagus where 
surgical exposure i.s simplest, Imt there is no fundamental reason why 
it cannot bo applied elsewhere in the esophagus. So far we iiave not had 
occasion to use the method on a simple stricture of the thoracic portion 


si-itnrnv 


P'U) 


of tlio ('so|iliat,Mis alllioiiirli tlif cNposiirf of tlio tliorai-ic (■.Nf)f)lia''iis in a 
i-asc of rmillipic .stricture i.s tiow plaimctl (Case 15). 

'I’lic (IcvclopitK’iit of this tnclliofl was the rcsnill (tf .several experieners 
ill siirtiery of tlie esopliatins. in wliieh siiarji olijeets heeaine inijinled 
in the wall of the e.sophatriis so that they eoiihl not he reinovefl hy iiieans 
of the e.soi)hni:o.seo]ie alone. \\'e have heeii ahle, through external 
nianipulation of I lie eso|)hairus after siiriiienl exiiosiire, to flislodiie them 
without opeiiitif' the esoiihauus. They can then he Mieeessfnlly handled 
through tlie esoiiluuioseope. Tlie iiiethod also reeall.s the familiar n.sc 
of the e.so])hao(sseo]ie in the suririeal tn-alnieut of esophaueal diver- 
tieiiluni. Tlie priseut ai'plieatioii of the principle was .susse.stcd hy 
one of us ( F. 1). W.). 



JTnf uml rtl oC the esophaeu.. 


The esophagus is dilated and atonic 
occur more lapldly under gastrostomy 


CK 1G180S.) L-ie esophagus. A 12 -year-oia 

Case h ' .ailouc'd l.ve five weeks before admission. He had been able 

;gro boy accidenta > tlie preceding two weeks, had lost weight, and 

, sivallow nothing f. „ 

• 1 lUflicultv in snalloMing. 

nd pain and i - stricture 2 cm. long in the upper third of the esophagus 

X-rav showed a inarvC s department of surgery for gastrostomy, which 

. o'\ He was referred to i r 

Fig. 2 ). He n. „part. 

ras performed m two stag , 
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The wound was well healed in two weeks and feedings were carried out through 
the gastrostomy tube. An attempt to have him swallow a string was unsuccessful 
and it was impossible to pass a ureteral bougie through ' either the mouth or the 
gastrostomy. Since the patient was unable to swallow liquids by that time, four 
weeks after admission, another x-ray examination was made which showed no barium 
passing the stricture (Figs. 3 and 4). During the next three weeks, repeated at- 
tempts to pass a string or bougie from above or below were un.successful and it was 
therefore decided to employ external exposure. 

He was operated upon Nov. 16, 1940, approximately seven weeks after admi.ssion 
and twelve weeks after the injury. The operative note is as follows: 


A 



E>B. 4. The radiopaque ureteral bougie is turned back by the complete stricture, when 

approached from below. 


Under avertin and ether anesthesia an incision was made along the posterior 
Or er of the right sternocleidomastoid muscle. Dissection proceeded down to the 
esophagus, passing laterally and posteriorly to the carotid sheath. The esophagus 
was identified without ditBculty. The esophagus appeared entirely normal to ex- 
ternal inspection and examination, but did show some dimpling near the site of the 
ricturc alien a bougie was thrust against it. Repeated unsuccessful attempts were 
a e to pass bougies of various materials, tensions, and degrees of sharpness. All 
oiportant structures ivere packed off during this manipulation, which was done 


sri:<:i;i£V 


•"••••> » -I.-.. ,,,....,1 in.tr„rn.n. 

f - - .1 t .r.Mli;h II,.. «„ll „f ||„. r„,( i,„„ ,1,.. „„ nrn- 

A u,., ,1„ 

II... ,i„. 

to (1... (,,, of (I,.. |,o,„;io fro,,, ,.1,ou.. At „,o (ip. ....rnM 

«. ..„Iy n f..w ,.,illi,„..„.rs „p:,rl. It |,o„,.^.,r. i,„po-il,Io poro.or.to tl.o 

vlr„-t„r,. ir,.,,, or «J,il.. (|„. inf,.r|„r I,o„oio i„ d.o of tl.o 

Tl... v„rt;..o„, ,l„.r..for... Kr.-..i«..l v.ill, hi. lof, l.nn.l nn.I 

(I„. I.o.iu-o. fro,,, |„.Io,v l|,ro„t.|, (|„. .^.n.tro.lmoy uill, l,i. rij,'l.( linml. 

In till- «ny it I il,|o to o„i,io io„,,r I.oiioi.. „„„.I, ,„or,. :,.-..„rnt..Iv tlmn 

I..V,. i,.,-il,I.. pr,.vi„„sly l.y t;;xi„o .1, (1,,. t),o lonvr 'l.ouirio 

II, f„ pri'-nt.-.l .i,i.l, ,1 ol.-nr ii,„l w.-ll proniinonro ns .soo,, from nlmvo tliroiich 

III. . ...oplmiro-.-opo tl,:,( it pos,!!.!.. i,, i„..iso tl... „i,„-os:, ov.>rIvinu' Hio lip of tl... 

lon.T n„.l to nllou it to fr-.-ly i„to tl„. pi, no,,-. A .-trintr 'vn« 

Hum („>.I to tlio Joovr l.,.„oii' nn.I .Irnun ,I,mn tlironol, |1„. ^trictnro nn.l l.rniiplit out 
ll.roiioli III,' i;nstr..-to,i,y. Tliis ,.„tir.. pro.-,.,liir... m,i,l,..l l,y tl,o f„m,.r..- of tlio left 
linml of tl... s„ro.-.i,i. «|oi-Ii ..n.-ir.-Ic.! nn.I ninnipi,l;il,.il tl,.- o.-opliaipis from tlio nut- 
nI. 1... \,ns .-tirri...] ..,,1 will, si,rpri-ir,<r on-.. .•on-i,l..ri„..: Hio lon-r rlrn,vn-o,it nn.l fntilo 
nttonif.t,- (lint Icul I-..,, mn.].' pr.-vion-ly. At the .•..iirliision tli.-ro ,vn= no ovi.lpnro of 
lontniK.. from tlm tlir.... tiny porforations it, tli.. wall of thr pcopliaciis. Ilonover, 
.Milfnniliimi.l,' [.owilor was .sprin!:l,.,I frMy nroiiml tlm cirri, infer, 'nop of flir r.=opIiaffn=. 
null n soft rnlil...r ilniin was lirouRlit out at the lower anglo of tlir wonml. Thr 
incision in tlir nci'K- was tlirn ..los.',! loo.srly. n.-injr inlcrrnpfr.l plain rrro entent for 
tlir Imricil .sntnri>- nn.l intcrniiitcl fine .silk for tlir .skin. In .spite of the prolonged 
ojieralion, the l.oy went llirou;;!, it finite well.’’ 

Itotrnfrraile .lilntntion wn.s .starlcl in a few days. The in.-ision in the neck was 
henle.l in eleven <Iay.s. 'I'he ptitienl was .lischniRe.I one month after operation, at 
wliii.h lime the .strietnr.' hn.l I.een ililateil up to a ealiher of .10 French. 


r.\St; 2.— (Xo. TP-'Sl!.) Spasm of cri.-opImrynKen.s mn.scle f?). .-V 7.t-yparold 

white woman ha.l heen haviiif: inert'asinc flitlienlty in swallowinfr for the pa.-t two 
years. .\t the time of a.linis.sion .-he was only able In swallow liquids, had lost 
twenty pounds and had frequent attacks of straiiKlii," and a sensation of fullness in 
her chest. Voice weakness and frequent expectoration were also present. 

romplete physical examination was netrative. Fluoroscopic examination of the 
esophneus was attempted the day after adnii.-sion. The barium collected in a small 
pocket at the level of the upper bor.Ier of the lar^mx and none entered the 
esophagus. 


The following day esophago.seopy showed maiked ob.struction at the upper end 
of the esophagus. Xo lumen could be found, but the mucous membranes were normal. 
Since we suspected that we might have entered a diverticulum, the examination was 
discontinued and further x-ray studies were ordered. 


The next day a lateral x-ray of the necl.. showed a definite rounded mass o mm. in 
thickness, compressing the posterior aspect of the trachea from the upper level of the 
lamix dowaiward for 2.5 cm. (Figs, o and 6). IVlien barium was swallowed, it 
to'nned ns before, but a small trickle entered the esophagus. The roentgenologist 
reported a tumor in the esophagus, pressing on the trachea. 

V attempt to swallow a string the following day was unsuccessful, so a second 
^ no/.nr>v was done for tlie purpose of obtaining a biopsy. Again no mucosa 
csophag W unable to enter the esophagus. Several bits of 

changes ^ for microscopic examination. The pathologic report showed 
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Because of this mass of conflicting evidence, we advised external exploration, nhich 
was done Aug. 37, 19f0. The operative note is as follows: 

"Under avertin and novocain anesthesia, an incision was made along the posterior 
border of the right sternocleidomastoid muscle. The dissection was carried down 
to the esophagus wiiicii was careful!)- dissected free from the surrounding struc- 
tures, At no point could any evidence of diveiticulum be seen, nor were any other 
abnormalities evident from an examination of the esophagus on the exterior. At 
this point the esophagoscope was again inserted in the hypopharj-n.x, and by niahing 
traction on the edges of the incision in the neck, the esophagoscope passed easily 



Eig Tlie mouth and ptiarynx are filled with barium, but none enters the esopliagtii. 

down into the lower portion of the esophagus. With the esophagoscope in place, 
a tube was inserted into the stomach. No reason for the obstruction could be 
determined, either by e.vamining the esophagus from the outside, or by the exam- 
ination through the esophagoscope on the inside. The patient stood the operation 
well. The wound was eiosed loosely, after dusting with .sulfanilamide powder, using 
P ain zero catgut for the deeper stitehe.s and silk for the skin, leaving in place a 
sniall soft rubber drain at the lower angle of the wound.’’ 

She was given sulfanilamide by mouth lot five dai-s. Then the stomach tube was 
rcinoied and soft diet started, .‘the swallowed so well tliat a regular diet w.as given 
twee days later which she aKo took without dilEculty. -As tJie neck wound had 
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atton.pts that hml hoon mailo j.roviously. At tho oonolusion fhoro tvas no ovhlonoc of 
loakuKO from tho fhr.-i- tiny porforations in tho wall of tho osophacus. Hotvovcr, 
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Kotrogrmto ililafation was sltirtod in a few days. Tho ini’isioa in the nook was 
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Cask 2.— (Xo. TO-ICC.) .‘^pasm of onVopImryngous musole (7). T.t-ycar-old 
white woman had hoou having increasing diflioulty in swallowing for tho past two 
years. At the time of admission .she was only ahio to swallow liquids, had lost 
twenty pounds and had frequent attacks of strangling and a sensation of fullness in 
her chest. A'oice weakness and frequent expectoration were also present. 

Complete physictil examination was negative. Fluoroscopic examination of the 
esophagus was attempted tho day after admi.ssion. The barium collected in a .small 
pocket at the level of the upper border of the larrmx and none entered the 
esophagus. 

The following day esophago.scopy showed marked obstruction at the upper end 
of the esophagus. No lumen could be found, but the mucous membranes were normal. 
Pinco we suspected that we might have entered a divertieulum, the examination was 
discontinued and further x-ray studies were ordered. 

Tho next day a lateral x-ray of the ncid^ .showed a definite rounded mass 5 mm. in 
thiekness, compressing tho posterior aspect of tlio trachea from the upper level of the 
larvnx domiward for 2.5 cm. (Figs. 5 and 6). I^Ticn barium was swallowed, it 
stopped as before, but a small trickle entered the esophagus. The roentgenologist 
reported a tumor in the esophagus, pressing on the trachea. 

\n attempt to swallow a string the following day was unsuccessful, so a second 
nnhairoseopv was done for the purpose of obtaining a biopsj-. Again no mucosa 
^ « were' noted and we were unable to enter the esophagus. Several bits of 
c lang . TPinoved for microse,opic examination. The pathologic report showed 
tCc with normal overlying epithelium. 


benign s' 
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In 19il she was asked to return to the Iwspital for a trial of the present method. 
Although her nutrition was good, she was willing to try anything that offered hope 
of swallowing in a normal manner. The esophagus was examined by fluoroscopy 
and the obstruction found to be still complete. Peroral esophagoscopy showed com- 
plete obstruction in the upper esophagus. We felt that passing a bougie up from 
tile stomach offered the best chance of permeation, but since we were unable to 
identify the lower end of the esophagus by retrograde esophagoscopy, it was de- 
cided to open the abdominal wall for the purpose of guiding the bougie under finger 
manipulation. Tlie operative note is as follows: 



barium ‘h marked .stricture in the upper third of the esopliagus. with 

strirtmA*?« 1 lower esophagus. Fluoroscopic examination showed a second 
mission In 1330 third, not shown in this film. This was the condition on ad- 


Under spinal aiiobthesia a high upper abdominal incision was made and the 
peritoneum opened. The lower end of the esophagus between the diaphragm and the 
stomach uas found without difficulty, and after numerous attempts, a stiff bougie 
was finally apparently directed into the esophagus. .After this was accomplislied, the 
incision in the abdominal wall was closed in layers, using plain zero catgut for the 
ptntoneum, chrome zero catgut for the superficial fascia, and silk for the skin. 

Ike patient was then taken to the fluoroscopy room and tlie bougie examined 
11 tr t le fluoroscopo. Unfortunately, it was found that the bougie could not be 
b e o pass farther up the esophagus than liie level of the diaphragm. There 
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I'ip. C.— A hitoral \*low of the neck shows an appuront o&oplmgoul tumor compressing 

t)»e trac}»ea. 


Cask :1.— (No. S:11HL\) Multiple lye burns of esopluigup, upper aiul lower thirds. 
j\_ U7"VOiir'Old woiiuin was admitted in June, lOoD, M'itli a history of having in- 
tentionally swallowed a large amount of lye nine months previously. She was then 
subsisting entirely on liquids, in small amounts, and had lost considerable weight. 

X-ray examination on admission showed a marked stricture high in the upper 
third and another stricture in the lower third (Fig. 7), and immediate gastrostomy 
was done, llcpeatod attempts at permeation both from above and below were un- 
successful, nud x-xuy two months after admission sliowed complete occlusion (Fig. 8). 

She was sent elsewhere for an attempt at permeation umler the biplane fluoroscope. 
9' e this procedure was unsuccessful after repented attempts, she was sent home to 
r'b • a gastrostomy life. learned to chew her meals and expectorate them into 
° el of her gastrostomy tube; thereby she was able to maintain her nutrition 
the funiie obligations of life. Two year later, in 1932, she was 

iind^ 0 opening could be found and she returned liome to resume 

lier unhappy existence. 
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sulfanilamide powder was sprinkled around the circumference of the esophagus and 
a soft rubber drain was brought out at the lower angle of the wound. The incision 
in the neck was closed rather loosely, using interrupted plain zero catgut for the 
buried sutures and interrupted tine silk for the skin.” 

The result of these procedures in this patient have failed and .she is again leading 
her gastrostomy life. It .should be noted in this case that it wa.s possible to ap- 
proach each stricture from only one side. The permeation of the stricture is un- 
doubtedly facilitated by approaching it from above and below simultaneously. 

DISCUSSION 

In two out of three difficult cases of esophageal obstruction which had 
not yielded to other methods, it was possible through exposure of the 
esophagus to effect the establishment of a new lumen. In the third case 
the method failed because of multiple strictures of the organ. In view 
of the great difficulty attendant upon the treatment of these impermeable 
cases, it has seemed worth while to present this method of approach. 

At the present time it is planned to develop the principle one step 
further in a final attempt to relieve the patient described in Case 3. 
Througli a transthoracic esophagostomy, bougies will be passed both up- 
ward and downward. At the same sitting, attempts will be made to 
incise the strictures, if possible, through the esophagoscope passed respec- 
tively by mouth and by gasti’ostomy. It is considered safe to open tlie 
esophagus under these conditions inasmuch as it has been completely 
occluded over a period of twelve years. It is possible, of course, that 
either complete fusion of its wall or additional strictures will be en- 
countered which will, of course, completely prevent the .success of this 
plan of approach. In that event, this patient is an ideal ease for the 
construction of antethoracic esophagus. 

CONCLUSION 

External exposure of the esophagus is advocated as a safe surgical 
procedure to aid in the passage of bougies for the permeation of complete 
esophageal strictures, in selected cases, when other methods have failed. 



MMir.l-.UV 


sue. 

“rfiiicil til In' nil iliMil'l tliiil till- l>(iu;;ii- will iirliiully in tin- lowi-r i-nil of tin- c-oplia- 
J41I1 wliili- tin- iiiii-riitor ’ll liiiml wni in-iiili- tin- iiiTitinifnl luiity. Tin- |r;itii-nt wi-nt 
tliriiUKli llii-i li'ii);lliy iiinni|iulii(iiiii in ^omt i-onililion. ’ ' 

'I'lii' iilMlitiniiml wiiiiiiil iniim lii-ttli-il, -ni wi- ili-i-iili-<l to try ficrniration from nl>ove. 
Afti-r two immtlii nf lioini- -In- ri-turiu’il for llii-i iitti'iiijit. 


-»• 







O stenosis two months later. As in Fig. 3, the esophagus is dilated 

Fig. S. — JRA atrieture Again, gastrostomy feeding and rest of tlie esoplia- 
and tlie development of complete stenosis. 


On :ilnv 9 csoplmgiis was exposed. The operative note is 


fol- 


ether nne.sthesia, an incision was made along the posterior 
“Under niuscle. Tiie esophagus was approached by 

border of > c ^iieath medially. It was carefully fieed fiom a point above 
retracting the entrance upward to its junction witli the posterior pharynx, 

and below tlie • evidence in the esophageal wall of the known stricture. 

Again there was no • passed down the esophagus and manipulated by the 

“Various bougies nor j^^jgaipt to guide the instiument down the lumen of the 
fingers of tbe surgeon manipulation with various types and sizes of 

esophagus. Aftof u ^ abandoned because it was quite impossible to pene- 
instrunicnts, the proce ur felt that had it been possible to pass the bougie upward 
trate the strictuic. It possible to penetrate this stricture. At no time was 

oration of the esophagus. However, a small amount of 
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patients iincler 40 rears of age. Eighteen cases, or 9 per cent, occurred 
in patients past the age of 70. The three decades from 40 to 70 hare 
approximately the same incidence. It is interesting that sixteen patients, 
or 8 per cent, were under 40 jeavs of age, Irat as udU be shown subse- 
quently, a fair percentage of patients orer 40 j'ears of age would hare 
fallen mto this group had they sought treatment immediately following 
the appearance of the first .symptom. Therefore, it is important to stress 
that a routine examination of the female breast in women under the age 
of 40 is as essential as it is in women abore this age. The old adage 
that any mass in the breast of a woman past 40 years of age be con- 
sidered malignant leares one with a false sense of security, and should be 
rerised to state that regardless of the patient's age, a mass in the female 
breast cannot be considered benign until definitely prored so by his- 
tologic evidence. 

Table II 


Pkegxakcies 


number op pp.egnancies j 

NUMBER OP CASES 

PER CENT 


70 

36.3 


24 

12.4 


99 

51.3 

Total j 

199 



Table II deals with pregnancies in relation to the 193 eases of cancer 
of the breast studied. In seventy eases, or 36 per cent, there were no 
pregnancies. In twenty-four eases, or 12 per cent, a single pregnancy 
was recorded. In ninety-nine eases, or 51 per cent, multiple pregnancies 
occurred. Prom this small series no deduction can be drawn relative 
to the influence of gestation on the incidence of cancer in the female 
breast. 

The three primary sjuiiptoms were mass in 176 ease.s, or 91 per cent; 
pam m thirteen cases, or 7 per cent ; and nipple discharge in four ea.ses, 
or 2 per cent, as seen in Table III. Careful attention should be called 


Table III 
First Stiiptom 


NUMBEP. 
OF CASES 

MASS 

PER 

CENT 

PAIX ' 

PER 

TEXT : 

XIPPLE 

Dis- ; 

THARGE 

PER 

CEXT 

190 

17G 

91.2 

13 

6.7 

4 

2.0 


Discov- 
ered by 
patient 
171 

Per cent 

97.1 

Discov- 
ered by 
doctor 

5 

Per cent 

2.S 






to the 176 patients who presented themselves with a mass in the breast 
as theii’ fii-st sjmiptom. One is .struck by the fact that in 171 instances 
le patient was fully aware of the mass in her breast prior to the seekiii" 
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S\Mi'i;i. .1. Staiiiss, M.I)., and Andki'av II. I)ri\vD\, ;\I.D., 
L’ociiiisrr.it, X. Y. 

(1'rfim Till’ Tumor I'linir of Slronii Mtmnruil lltupilnl nml Thr School of Merlirine 
mill Diiilhtru, I'liin r^ilji of J:orhr\trr) 

I T IS till' fccliim of till' iiutlinrs that tlio raclioal .sui''ical treatment of 
enneer of tlie hreasf is well .staiidardized. Any furtlicr improvement 
in tcehniipie may add to the jiatient’s comfort, Imt very little improve- 
ment in clinical re.sults can he expected from this type of treatment. It 
is likewise the feeliii" of the authoi-s that snffieient attention has been 
jiaid to the patients who have lived five years or more free of the disease, 
hut that too little emphasis has been piven those who fail to siindvc this 
period. Often we can iirofit as innch. if not more, from an analysis of 
onr failures. We feel that our five-year end results will not varj* 
markedly from those of other clinic.s. Consequently, no attempt will 
he made to review the abundant literature which deals M'ith a purely 
.statistical nnaly.sis of five-year .survivals. This study, therefore, was 
undertaken for the purpose of evaluating the various factors which may 
infiuence the disease prior to the institution of treatment. 

One hundred and ninety-three eases of cancer of the female breast 
occurring between the years of 1926 and 1936, and followed in our tumor 
clinic, are the basis of this sfud.v. Of this total, lo6 patients were sub- 
iceted to a radical mastectomy in our clinic. Of the remaining thirty- 
seven patients, fifteen were sub,iceted to a simple mastectomy, ten re- 
ceived radiation only, and in twelve the treatment was done elsewhere 
and it was impos.sible to ascertain sufficient data. 

T.vm.E I 
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and one vnthm two years. It is interesting to note that of the seventy- 
four patients seen within three months after the recoided onset s}TOP 
toms, twenty-four, or 32 per cent, were found to have histologic mvolve- 
ment of the axillary nodes. It seems more probable that the imtol sjunp- 
tom in these twenty-fotir cases was of a longer duration. 

In view of the afore-mentioned, a study was made to determine the 
tive-yeav end result in relation to the duration of the first symptoms 
(Table V). Of the seventy-four patients with a duration of the present- 

Table V 


Tive-Yeau Esb Sesolt ix Eeeatiox to the Doeatiok op the First Symptom 


DURATION OF PRESENTING 

SYMPTOM 

xomber op 

CASES 

N-U-MBER of 
patients alive 
and well 
j years later 

percentage 
' WELL 

5 years later 

Less than 3 months 

3 months to 1 year 

Over 1 year 

n 

41 

78 

30 

13 ' 

to 

40.5 

S1.7 

20.5 

Total 

193 

59 

30.6 



ing symptom less than three months, thirty, or 40.5 pei cent, veie a i 
and well five years later; of the forty-one patients uith the uia m 
of the presenting sjTnptom three months to one year, thirteen, oi .i 
per cent, were alive and well five years later; and of the seventj eio 
patients with the presenting sjTnptom of one year or longer, sixteen, oi 
20.5 per cent, were alive and well five years later. Of the tota o 
cases, 59, or 30.6 per cent of the patients were alive and well ^e years 
later. On the basis of these findings, it would seem that the best resu ts 
are obtained in those patients with the shortest positive histoij , an as 
the time interval between the initial symptom and the seeking of me ica 
advice is increased, the prognosis for a five-year arrest of the disease is 
reduced. 

Table VI 


Quadrant Location’ op Tumor 


QUADRANT 

Kl’MBEE OP CASES 

PER CENT 

Outer half 

122 

! 03.2 

Inner half 

31 


Center 



Not obtainable 

8 


Total 

193 



The location of the tumor by quadrant is repre.sented in Table VI. 
One hundred and twenty-two cases, or 63 per cent, occurred in the outer 
lialf ; thirty-one, or sixteen per cent, in the inner half; and thirty-two, or 
16 per cent, in the central portion of the breast. In eight ca.ses tlie loca- 
tion of the mass was not recorded. In Table VIII an analysis of the end 
results bj’ quadrant location is recorded in tlie 156 cases in whieli the 
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ono 

ot ftiodicjil fiflvii'c. Only in five iiis(nni-c.s was liic docfftr ai)lo In find n 
tiiiis'^ id (Id* Id'casl willidiit (In* paliont liaviny Iddl previous kiiowloflee 
oj its presedee. Id a ddidlier of idslanees wlicn (lie patient presenter! 
herself eoniplaidiiit; of a “Idiaji” in (he hreast, (he doctor on his first 
exaidinatiod was nnahle to coniiriii its [)res’edee, nnd it was only nf(er 
I'ejieated exinninations involvinj; a valnahle loss of time to t)ic patient 
tluit tin* doetor was alilt* to eontirni the (ireseiiee of sneh a mass. One 
eannot overeinpliasize tlie fuel, therefore, tliat wlienever, a woman 
jiresents ht'i-self eomiduidiii!: of a ludij) in (In* iireast, serious eonsidcra- 
tiod sliould he ;;iven to sueli a eoniplaint. If on tiic first examination 
tliis symptom is luit suhstaiiliated, it ladiooves (he examiner to make 
repeated ('xaminations. Tliere are some women wlio fall into a elassifiea- 
tion of “liy.sti’i'ieal lireasis,'’ hnl this nnmher is eomiiarativcly small and 
one should lu'sitate to ialiel any woman in this way. As a rule it is not 
difficult to identify (Ids type of individual, Oai-eful history takinc will 
lirin" out (lie faet (Iiat the patient is of an unstahle. psyehoprcnic per- 
souality. and in addition has heen overexjioscd to cancer propaEranda. 

Tiio second most fro(|uent symjitom was pain, and occurred as the 
first symptom in thirteen cases, or 7 iicr cent, and was usually of the 
radiatin^r type. This ro-cmpha.sizc.s the fact (hat pain i.s not an early 
.symptom of carcinoma of the breast. Nipple disclinrpe occurred as the 
primary .symidom in only four ca.sc.s. or 2 per cent. The duration of the 
first .symptom (Taide IV) is of interest and jirohahly has some bearing 
upon the ultimate jirognasis of cancer of the breast. 


T.ibi.e IV 

PiTP.ATio.v oe Fiukt Sv.Ml>TO.^t ix ]!>.■) C,\.ses 


SVMPTOM 

NTorriEn 

or 

CASES 

LESS 
THAN' ,7 
MONTHS 

PER 

CENT 

MONTHS 
TO 1 1 

YEAR 

PER 

CENT 

o\t:r 1 

YEAR 

PER CEXT 


■aai 


.36.4 

40 

22.7 

72 

jKnwH 


■cH 


(U.5 

0 


5 



mm 

HSI 

' 00.0 

I 

25.0 

1 


Tnfn} 1 

193 1 

74 1 

oS.o 

41 

21.2 

78 





Sixty-four cases out of 176, or 36.4 per cent, were recorded as having 
had the lump less than three months. Forty cases, or 22.7 per cent, were 
•ded as having had the lump three months to one year, and seventy- 
nr 40 9 per cent, were recorded to have had the lump over 

two CflSCS; 01 • i. 

Te thirteen patients who presented themselves with pain as the 
eisrht or 61.5 per cent, were seen witliin three months 
initial symp om, one year or later after the onset. Of 

of the onset, an complained of discharge from the nipple as the 

the fov^’ ® within three months, one witliin six months, 

first sjnnptom, two were seen 
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This is especiallr so in those cases without axillary metastases. The 
worst prognosis seems to ho in those patients with proved axillary metas- 
tases in which the prhnaiy tumor was located either in the inner half 
or the center of the breast. 


Aside from the disease itself, elephantiasis has been one of the most 
troublesome complications. Two hundred and ninety-eight cases fol- 
lowed between the years of 1926 and 1941 were studied from this stand- 
point (Table IX). Of this total, ninety patients, or 30.2 per cent, de- 
veloped elephantiasis following radical mastectom.v. We did not con- 
sider any case as being satisfaetorj' for this group unless there was a 
persistent increase in the circumference of the affected arm one inch 
more than that of the contralateral side. No attempt was made to 
evaluate the patient on a functional basis of the arm. It was felt that 
the cases should be studied to determine if the involvement of the 
axillary glands was a factor in the incidence of elephantiasis. In 
167 cases, or 56.3 per cent, such involvement was shown. We could 
find no appreciable difference in the incidence of the elephantiasis be- 
tween the group showing positive axillary nodes and the group which 
did not. 


Table IX 


Axalv.si.'? of Elephaxtusis xx 2PS Cases 
(1926-1941) 



PEE CEXT 

Total number of cases 

298 


With elephantiasis 

90 

30.2 

Without elephantiasis 

208 

69.8 

Total number with positive nodes 

167 

56.3 

With elephantiasis 

55 

32.9 

Mithout elephantiasis 

112 

67.1 

lotal number with negative nodes 

1.31 

43.7 

With elephantiasis 

35 

26.7 

elephantiasis 

96 

7.3.3 


Further analysis reveals that in forty-nine cases involving radical 
mastectomy, the operation was supplemented by a .skin graft procedure 


Table X 


Axalysis of Elepha-vtiasis XX 49 Cases With Ski.v Geaxt 



PEE TEKT 

iotai number with skin graft 

49 


M ith elephantiasis 

10 

20.4 

- — ^^ithout elephantiasis 

39 

79.6 

ioiat number with positive nodes 

2S 

57.1 

^^ith elephantiasis 

0 

21.4 

- — ^^ithout elephantiasis 

22 

7S.6 

Total number -with negative nodes 

21 

i 42.0 

ith elephantiasis 

4 

i 1.9.0 

. — . elophanfiasis 

17 

Sl.O 







piilicnts wciv .s\ii)ji‘ctc(l Id riidical iniisti-i'tomy. Tjihlo VH is includefl 
to indiciito the type of li'ciilniciit arcoi'dcd tlu- l!):i casp.s. 


T.iiif.i: VU 


Cl..\S:aU<'ATIiiN Ac-l-OI;|ilS(i to 'rKC.VUlKS'T 


TVtT. OK TUKATMKN'T 

N'l'MnrU OK fAKJIH 

Khl: ('K.N*T 

limlKsit iimHlPotomv 


so.s 

Simjili' iniisti'rtomy 

ir> 

7.S 

Itailiatiou (iiilv j 

to 

0.2 

Insiiflli'iriil iliitu { 

32 

' (!.2 

Total j 

m:! 



Tlio end results in tlio lot; patients snl).ieeted In a radical mastectomy 
were studied from the standpoint of the location of the primary tumor 
with and without jiroved axillary inelasljiscs. Of the total of the eighty- 
six eases involving j)roved axillary metaslases, tlie primary tumor was 
located in the outer half of the breast in fifty-six patients. Twenty, or 
do. 7 I'Oi' cent, wore alive an<l well at the end of five yaws. In twelve in- 
stances the })rimary tumor was in the inner half of the breast, and 
only one, or S.3 per cent, was alive and well at the otkI of five years. Of 
the eighteen ])atient.s with the tumor located in the center of the breast, 
three, or IG.G per cent, were alive and well after five years. Twenty- 
four patients, or 27.9 ])cr cent, rcprc.sent the five-year survivals in the 
group of eighty-six with proved axillary metastases. Seventy cases with- 
out axillary metaslases were studied from a survival viewjroint. Forty- 
three occurred in the outer half, and twenty-three patients, or 53.4 per 
cent, were alive and well five years later. Thirteen occurred in the 
inner half, and six ])atients, or 46.1 per cent, were alive and well five 
Years later. Fourteen occurred in the center of the breast, and six 
patients, or 43 per cent, were alive and well five years later. Of the total 
of seventy cases, thirty-five patients, or 50 per cent, were alive and well 
five years later, as seen in Table VIII. 

Table VIII 


li5 () Cases of KAiiirAi, Mastei tomy 
End Results 


=== 

WITH I’KOVED AXILLARY 
METASTASES 

WITHOUT AXILLARY 

METASTASES 



NUMBER 

PER CENT 


NUMBER 

PER CENT 

location of rlUMARY 

NUMBER 

OF 

OF 

number 

OF 

OP 

tumor 

OF 

5-YEAU 

5-year 

OF 

5 -YEAR 

5 -YEAR 


CASES 

SUR- 

VIVALS 

SUR- 

VIVALS 

CASES 

SUR- 

VnL\LS 

SUR- 

VIV-ALS 



20 

35.7 

43 

23 

53.4 

32 

1 

8.3 

13 

6 

4C.1 

Inner half breast 
r.pnter of breast 

18 

3 

IG.C 

14 

6 

43.0 

' 8G ' 

24 

27.9 

70 

35 

50.0 


f 'om Table VIII that the best ehanee for a five-year 
It would seem i ^ tumor in the outer half of the breast, 

irvival is in the patient 
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CONCLUSIONS 

1. Clinical end results in cancer of the breast seem to bear a relation- 
ship to the duration of the initial sjunptom. 

2. Too long an interval exists between the patient’s awareness of the 
initial sjTnptom and the institution of treatment. 

3. Skin grafting is a definite factor in the reduction of the incidence 
of elephantiasis. 

4. Skin grafting is no assurance against local recurrences. 

5. Skin graft should be placed in the apex of the axilla. Otherwise 
it does not fulfill its function of doing away with the dead space. 



rr*'!!’. t!’*' •’■‘M'li* ■ it i.i'ji-'.'r ti.':.’ r “f fh> iirini* n-'i'iir- 

j't'.ri fit •I'it rtt!> in v.ii’tii-n niul* r 4<> w .-.r-i «>f r'.'> L’ i.'i 
s-.nj.rt ''iAti'l I, ikfU it !';•.< fx-n --hi'nti tl.nt ?!,•• f>'ti-nt i‘! in n. p-'"-'- 
tion ti> ft ■■ov'tii/'t t!.i‘ t.trh .'•.unp’ti’n- .uni v. Kii";, iinliiMtc nl'tiorrnr.ii- 
tit, t'f tlif iirt.’"! rurtin riin>rt . it ftniini tfiut tin- ntnu’*' nt’ 
Mirv ii. nU v.,ii fii'.’ln «! in tfiKt*- p.ititnts witi: tfu- initut .••yrnpt"ni 
,if 1« • . tli.ui tiift • inontl.t' tliiintitin. Tin (tVfVt .ir >.tirvi\ni in tiii- itronp 
(, ,{f) .'i (n’r ci'iit. U'itl. ttic {(n-rt'.i'f in tin- tliinitiDn of tin- {>n '"•'ntitii: 
St from tiiTf tuotilli'i to one tonr. Ill, 7 pt’r rt nt ncn' .nlivt*. nn'l in 

tin vroiip ovt r on*- tmir tin- jifti-t'iitn!,'f Innl ilro|.ji.'tl to ‘Jrt por ci'iit. 
I'rom tin-'” fiinlini;-^ it \vonl<t mciii that lln-ri' i-i room in tin' Ilol'l of 
(tri'voiifivo iiir<lii-iin- on tin- inu-t of tin- jtrai-titioiii'r to .stros-i to In'! 
;t-Uii-nt tin- impoftiiin'o of Mokin" tnctliral inlvii-o as siM>n ns- tiic nh- 
Tiornialitv is notn!. Wlu-n tho tumor is locati-d in tlm outrr half o! 
tin- hii-ast tin- clinm-i- of a fivo-yi-ar survival was irn-alor tiian in any 
oi!n-r location. Wln-n tin- tntiior was not in tin- outt-r half, and it was 
found at ofx-ration that tin- axillnr.v nodes wen- involved, the prnmiosis 
f.ir a five-year .survival w:is extrenn-ly poor. 

l-’roin the .study of 20.'! cases relative to elephantiasis, it was- foiitnl 
that a skit' Jit'aft "‘a-^ of definite value in decreasin': tho ineidence of 
m 1 nliasis- AlthoU'_'h tho difi'orenee is not slrikiii'j in our .sorio.s. we 
' ■!' .ertaiu that thoro would h.nvo hoon a "i-oator disproportion if tho 
"m ft lunl Ix’*'" taore eoiuph’lo. ITalsiod slro.ssod tho importanee of 
'^'"'.•''.'r'tho wound open and plaeiiif: tho "rafts hi-rh in tho axilla to 
ami eoutnn-turo. In .some of our oaso.s it wa.s apparent 
avoid tons ‘ ^ i;raflin!i failed to neeoiuplish this, 

from the plaeed in the aiiex of the axilla, it fails to neeoiuplish 

If the jtial IS I , of the dead -spnee. \Vc liave ohserved local 

the purpose o o ^|;i„ "rafts, and if Is our feeliii" that 

recurioiit-e.s in a little part in dcercasiu" tho ineidence of 

skin 

such recurrences. 
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CONCLTJSIONS 

1. Clinical end results in cancer of the breast seem to bear a relation- 
ship to the duration of the initial symptom. 

2. Too long an interval exists between the patient’s awareness of the 
initial sjTuptom and the institution of treatment. 

3. Skin grafting is a definite factor in the reduction of the incidence 
of elephantiasis. 

4. Skin grafting is no assurance against local recurrences. 

5. Skin graft should be placed in the apex of the axilla. Otherwise 
it does not fulfill its function of doing away w’ith the dead space. 



■WillPPi.K'S DJSl-LVSID, Oil JNTJDSTJNAL LIl^ODYSTPOPJn' 
IImoian' i'j. PiuitsK, jM.D,, J?ocni;.sTKi?, N. Y. 

(I-rom the nnmrtmnu of Surfiery, the Uiuvcrsitij of JlorJu’stcr, .School of Medicine 

and ncntixlry) 

WllIPPLlC, in P)07, dcscribwl n disease which was "characterized 
anatomically by deposits of fat and fatty acids in the intestinal 
and mesenteric lym])hatie tissues,” and which he termed vitcstinal lipo- 
dyslrophij. This disorder caused loss of weight to the point of emaci- 
ation; loss of slz-ength; microcytic anemia; recurrent arthritis; doughy 
swelling of the abdomen associated with tenderness and gaseous disten- 
tion; and fatty diarrhea with an average of three or four stools a day, 
which were light or clay colored and consisted of over 50 per cent fat 
and fatty acids, by weight. There was no interference with fat splitting 
for the fat in the stool was almost completely composed of split fats and 
soaps in crystalline form. 

Blumgart icpoi*ted three cases of malab.sorption of fat "which wei'e 
not in accord ndth any hitherto recognized diagnosis, and which, because 
ot similar signs, s^ mptonis, eoui'se and postmortem findings, stronglv 
suggested a definite disease entitj'.” He states, "It would seem that 
a definite clinical and pathological syndrome ndth such an intangible 
etiologic background must have been previously recognized. Neverthe- 
less, search of the literature has uncovered only one analogous case re- 
ported b}’- G. H. Whipple. ” 

In 1936, Jareo reported a case of steatorrhea with unusual intestinal 
lesions which he felt had "great clinical similarity and mrtual anatomi- 
cal identity” with that described by Whipple. 

The most recent description of this condition is by Reinliart and Wil- 
son, who report a case of malabsoi'ption of fat that was considered to be 
identical with those mentioned above. They compared the histologic 
slides of this case with those of Whipple and Jareo and felt that "the 
anatomical lesions were of the same basic type.” 

The case herein reported is considered to be of this group and is the 
seventh case described. It is the first in which the diagnosis was made 
during life, which pemitted metabolic studies and observations on the 
effect of treatment. The true nature of the condition in this case was 
not established until Whipple e.xamined the material removed at opera- 
tion and made the diagnosis. 

KEPOKT OP CASE 

TT B iNo 158533, S. M. H), a 59-year-old farmer, dates Ids present illness 
to Steen years ago when he began having attacks of right upper quadrant abdominal 

, (hfl meeting ot the Society ot University Surgeons, Cincinnati, Oiiio, 
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pain of a colic-like nature associated uith nausea, ^on^ltlng, and jaundice. The 
pam occasionally radiated to the right shouldei, nas aggravated by fattr food, 
and v,as relieved by bed rest. These attacks hare not varied in frequency oi 
severity in the intervening years but have continued more or less independently 
of his other complaints. 

Thirteen years ago he began having pain, stiffne-s, and limitation of motion 
of the joints, particulaily of the hands and knees. The=e artiiritie symptoms were 
severe for eight years and subsided somenliat after the extraction of his teeth. 

For the past two years he Iras had recunent bouts of abdominal distention, 
associated with an intermittent crampy pain, and with diffuse tenderness of the 
abdomen. At times he has vomited large amounts of gieen fluid and at otiiei 
times has retained ordinary food though his intake has been below normal. These 
recurrent attacks of abdominal pain and distention became so nnmerous and so 
severe that he was admitted to the Batavia Hospital in March, 1939, where a 
partial obstruction of the sigmoid colon was found The symptoms of pain, vomit- 
ing, and abdominal distention became woise and he was operated upon June 3, 
1939, at which time release of adhesions and a biopsy vveie done. The patliologie 
report of the tissue removed was “chrome inflammation.” 

Since there was little or no improvement after this opeiation, he was referred 
here on Get. 20, 1939. Examination showed a chronically ill, white male of 59 
years of age, who had pallor of the oral mucous membrane, no teeth, a lemon 
yellow tint to the skin, and no glandular enlargement. Tlie lungs were clear, the 
right diaphragm was a little hjgh,*and the heart was enlarged to the left with a 
soft systolic apical murmur. The cardiac rhythm was fundamentally regular but 
ventricular extra systolies were occasionally present There was peripheral arterio 
Sclerosis with a blood pressure of 128/80 ram. Hg. The extremities showed arthritic 
changes but no edema. 


Examination of the abdomen revealed marked gaseous distention associated with 
generalized tenderness most marked in the left lower quadrant. The abdomen 
had a peculiar consistency best described as “doughyq” for resistance was felt 
without the presence of muscle spasm. Ho free fluid could be demonstrated. It 
was thought that multiple masses were present but they could not be certainly- 
defined because of the gaseous distention. "When x ray examination showed partial 
intestinal obstruction, operation was advised and done on Oct, 23, 1939. 

IVhcn the abdomen was opened it was found that all the viscera were matted 
together in one solid mass. After adhesions were freed the loops of the intestine 


"ere seen to be bound together by a gelatinous appearing substance which, when 
released, was found to be a clear flmd. The intestinal loops were red, granular, 
and covered with a shaggy exudate. There were hard, pale pink nodules in the 
IV er and on the intestines, omentum, and parietal peritoneum This picture was 
unlike pseudomyxoma peiitonaei or colloid carcinomatosis m that the colloid apjiear 
uig substance became fluid on its release and the nodules when cut were found to 
he hollow cysts containing a yellow oily substance Several of tUe-.c nodules weie 

removed for histologic examination, many adhesions were released and the abdomen 
closed. 


'Ihe patient made an uneventful convalescence from this operation Tlie report 
ou the tissue removed states that many large phagocytic cells with foamy cytoplasm 
und many giant cells were present m a connective tissue stroma surrouuding cystic 
areas. Special stains showed these foam cells .and giant cells to be loaded with fat 
foplets. AMieu the sections were shown to Dr G H Wlupjde, he made the diagnosis 
of infcsfinai lipodystrophy and stated that the lesions were the same as those he 
>ad described previously, qqns authoritative eonfirnuitioii of the diagnosis gave 
toiifiilem.,, j,i proceeding with laboratory and metabolic studies, for this case was 
unique lu that the diagnosis had been made during life 
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SUKGKBY 


Tlie imticnl wiis (lisc)mrgo(l on n low fiit iliot and l)ile Halts (sodium taurocliolate 
0.5 Om. throe times dtiily). Huon after his discharge from tlie hospital lie began 
having abdominal pain whioli originated in tlie right upper quadrant and radiated 

TAni,K I 

LADOltATOUV FtNWNfiS 


Urilu- 

Albumin 0 

Sugar II 

^lie. Negative 

lUood 

AV.B.C. 7,700-0,] 110 
Hh. 11.0-]2.5-l-t Gm. 

R.B.C. •1,0.'!0, 000-1, 700, 000 
Difl'ercniial 

Xcutrophilcs S5% 

hyiiiphocytca l-% 

Eosinophilos 2% 

Monoeytc.“ 1% 

Smear 

Few mieroeytie R.B.C. 
Reticulocytes ].-<% 

Blood group A 

B’assermann Negative 


Glucose Tolerance Test 



11/13/39 

.'5/13/41 

Fasting 

72 

mg. % 

SO 

mg. % 

Vj hour 

114 

mg. % 

135 

mg. % 

1 hour 

123 

mg. % 

143 

mg. % 

1 % hour 

127 

mg. % 

— 


2 hour 

87 

mg. % 

102 

mg. % 

3 hour 

02 

mg. % 

71 

mg. % 


Jllond 

Chlorides 

N.P.N. 

Icterus indc.v 
COj comb. P. 
Amylase 
.Serum albumin 
Scrum globulin 
Total protein 
Calcium 
Phosphorus 
Phosphatase 


Chemistry 
5S5-595 
25- lij 
li 

50% 

SO-140 

4.25 

1.05 

5.90-6.S 

9.1 

4 

.'5.2 (Bodansky 
units) 


Blood Fats 

Phospholipid Cholesterol Total 
N'o. 1 2liS 152 709 

No. 2 ;no 17:5 959 


Fluid in Intra-abdominal Kodules 
Fatty acids 74% 

Cliolesterol 12.5% 

Phospolipid 2.00% 


through to the back in the intrascapular region. Tliis persisted and he was re- 
admitted to the hospital two months after his discharge. Tlie findings led to a 


Table II 

Vitamin A Absorption — 7000 I.U. Vitamin A per Kilogram 

AFTER TREATMENT — BILE SALTS 
(3/13/41) 


BEFORE TREATMENT 
(11/5/39) 


Fasting 
2 hours 
4 hours 
0 hours 
8 hours 
12 hours 
Carotene 
Xanthophyll 


30 

39 units per 100 c.c. 


39 units per 100 c.c. 


30 units per 100 c.c. 

lOS 

110 units per 100 c.c. 


548 units per 100 c.c. 

291 

402 units per 100 c.c. 

14 

50 Units per 100 c.c. 

25 

77 Units per 100 c.c. 


Gm. Fatty Acid 



■ STOOL 

before treatment 
ni/2/39) 

AFTER BILE SALTS 

(3/13/41) 

pJiyr^my, foul, guaiae negative 

59.5% 

44.2% 

12.2% 

3.1% 

Brown, formed, guaiae negative 
25% 

20% 

5% 

Lipid-dry stool 
Split fat 
Keutral 

TJnsaponifiable 
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diagnosis of cholecystitis, -irhich was eonfinned by intravenous eholecystogram, but 
because of his poor condition operation was deferred and he was discharged. He 
returned one month later, stating that the attacks of pain had become more fre- 
quent and severe and were now associated with profuse vomiting. It was thought 
possible that the cholecystitis was a factor influencing the lipodystrophy; cholecys- 
tectomy was advised. 

Operation was done Jan. 4, 1940, at which time the right upper quadrant of 
the abdomen was freed of the adhesions that had prevented its inspection at the 
previous laparotomy. Large masses of the cystic nodules were on the under surface 



thp ~r appearance 01 it\e abuommal viscera m ivruppie s aisease. as seen at 
fho 1^;° » operation. Many adhesions were freed before this view was obtained. In 
Insert, one of the nodules is cut to show its hollow center. 

of the liver on either side of the gall bladder (Fig. 1). Several of these were 
remoted and the gall bladder was excised. He recovered satisfactorily from this 
operation and was sent home on a low fat diet, sodium taurocholate, calcium, and 
ntamin A. He improved remarkably, gained weight and strength, and was able 
to return to work. One year hater be was readmitted to the hospital for metabolic 
Judies consisting of vitamin A and fat absorption tests on a diet containing 100 
m. of fatty acid. The results are shown in Table II, where it will be seen that 
in comparison to tho data of Xovomber, 1939, there is a great improvement in 
f ie absorption of fat. This was obtained after prolonged, continuous administra- 
tion of Idle salts and it was decided to discontinue this medication to determine the 
result. Shortly after this, symptoms of indigestion, nausea, gas, and diarrhea 



;)io 


RUIir.EtlY 


oociirrcil. ]lilo fjiiltw were rosiiincd niiil (Iip sviiipfnins ilisapppiirort. This was trisd 
II second time Avith the same result, therefore tlic patient rvas instructed to continue 
indefinitely on liilc salt medication. JIc is now well. 


MSCUSSION 


The ptithologic cliJiiiges in inteslinal lipocly.slroithy ti.s oi-ifrinally given 
by AVhi])ple may well he re])C!ttctl here, for nothing can he added to that 
de.scrijttion. lie Kay.s: '"The villi of tiic .small intestine are enlarged by 
deposits of osmie jieid reducing bodies (neutral ftits and fatty acids). 
Such dc])osits tire most numerous in the glands, hut alike in all these 
situations. They are of .all sizes from minute grains, intra- or extra- 
cellular in location, up to huge irregular dro]dets and there is the great- 
est variety of forms. jMany of the larger nnisscs show rosettes of fatty 
acid crystals and they may occupy spaces which are lined b.v endothelium 
suggesting dilated lymph channels. The ma.iority of the larger deposits 
arc outlined by imlynuclear giant cells or lai'ge mononuclear cells of 
polyblastie type which in some instances seem to be eroding the fatty 
material and arc closely applied to its edge. The epithelium of the 
vntcosa is normal as far as the mici'oseopc shows. The interglandular 
stroma contains about the usual number of lymphocytes, plasma cells, 
and eosinophiles, but there is an infiltration Avith great numbei’s of poly- 
blasts — large mononuclear, ameboid cells Avith pink granular protoplasm. 
A second ty])e of cell Avhich is A'cry consjncuous Ims an abundant foamy 
protoplasm, a pale vesicular nucleus and is actively ameboid; this may 
be a type of polyblast. Eechymoses are numerous Avherever Ave find 
the fatty deposits. The submueosa shoAvs invasion Avith great numbers 
of these polyblastie cells especially about the fat deposits AA'hich in some 
places are abundant, in othere absent. There may be a veiw definite 
eosinophilia in snch areas. The c/lands sIioav the most extensive changes, 
especially the larger ones. In some the lymphatic nodules and cords are 
quite intact, the process seeming to begin in the sinuses of the glands 
Avith invasion of the characteristic cells and small irregular fat deposits. 
The next stage is an invasion by fibroblasts and capillaries AA'itli more or 
less extraAmsation of blood, increase in size and number of the fat 
deposits and distortion of the gland architecture. The large mono- 
nuclear cells increase rapidly in numbere and giant cells become con- 
spicuous. The final stage shoAvs a very large gland packed Avith fat 
deposits of all sizes and shapes, Avhosc stroma is made up of dense fibrous 
t‘ sue full of eechymoses and great numbers of giant and mononuclear 


llo ^ ^ 

ilv substance in the cystic nodules Avas found to be 74 per cent 
CT ble II)- If probable that this nodular lesion results 
fatty aci A ‘ reaction around fat that is liberated AAuthin 

from a protective nmopms 

the peritoneal . „,|ient to bile salt administration suggests that 

The response o ^ fnult in bile salt metabolism. Unfortu- 

the disorder may )0 available to determine the level of bile 
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salts in the blood so an analytical study of their metabolism is not pos- 
sible. 'When bile salts are given in adequate dosage the patient’s sjonp- 
toms disappear, vitamin A absorption improves, and the fat content of 
the stool appx’oaches normal. The sjTuptoms return if bile salt adminis- 
tration is stopped and are relieved uith resumption of treatment. An- 
other significant fact is that much of the fat is split into fatty acids so 
that the fault pi'esent in the disease is apparently connected vdth abnor- 
mal absorption and utilization of fat. 

These facts point to a disturbance of bile, particularly the bile salt 
metabolism -whieh appears to be deficient. Whether this lack is caused 
by a faulty production or by abnormal loss of the bile salts cannot be 
determined, nor can it be proved by analytic studies that this hypothesis 
of the etiologj’' is correct. But for the present, at least, this concept gives 
a satisfaetorj' working basis for the management of the disease. 

SUHIJIARY 

1. Whipple's disease or intestinal lipodystrophy is characterized by 
deposits of fat and fatty acids in the intestinal and mesenteric Ijun- 
phatic tissues, the matting together of the abdominal rdscera, and the 
formation of hard nodules containing lipids in the liver and on all of 
the peritoneal surfaces. 

2. The disease causes loss of weight to the point of emaciation, loss of 
.strength, microcytic anemia, recurrent arthritis, doughy swelling of the 
abdomen associated with tenderness and gaseous distention, and fatty 
diarrhea. 

3. The disorder is important surgically because it may be confused 
with gall bladder disease, intestinal obstruction, or carcinomatosis. The 
latter condition is suggested by the finding of a colloid-appearing sub- 
stance and the presence of hard, pale pink nodules which resemble the 
lesions of metastatic carcinoma. Tliirs, a hopeless prognosis may be 
given whereas actually the outlook is favorable ivith adequate treatment. 

4. Analji;ic data are presented which .suggest that the abnormal fat 
fiige.stion present in the disease is due to a fault in bile salt metabolism. 
This view is strengthened by the clinical response to bile salt aclminis- 
1 ration bnt it cannot be proved until suitable analytic methods are 
available. 

to Dr. S. H. Bassett. Dr. W. R. Bloor, .ond Dr. A. E. McCoord for 

ir cooperation in malting the analyticai chemical studies. 
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SURGICAL TREATjAIENT OF SPASJIODIC FACIAL TIC 


'Wn^LiAJi J. GKRJtAN, JI.D., Nfav Haven, Conn. 

(From the Department of Sttrgcry, Tate University School of Medicine) 


V ERY little concerningr facial spasm has heen written in the Amer- 
ican literature durin" the past five years. Two significant papers 
on the suh.iect appeared in 1937. Howe, Tower, and Duel- reported the 
appearance of fibrillary motor overflow in tlie inu.seles of the face after 
facial nerve regeneration following nerve section in monkeys. They 
ascribed this to axonal branching during nerve regeneration. This type 
of fibrillary motor overflow is seen, not infrequently, after recovery from 
Bell’s palsy. 

ColemaiP was able to obtain .satisfactory relief of severe tonic and 
clonic facial spasm, at the cost of partial facial paralysis, by section and 
resutnre of primary facial nerve branches. Recurrent spasm appeared 
in si.x to twelve montlis. More lasting relief was obtained by complete 
section of tlio facial nerve, with hypoglossal anastomosis. The results 
of hypoglossal anastomoses are not ideal but are preferable to complete 
facial paralysis. Temporary relief of facial spasm was also obtained by 
alcohol injection of the facial nerve at the stylomastoid foramen, again 
at the cost of facial paral.vsis. 


Facial spasm may be tonic in t.vpe, sometimes a sequela of encephalitis. 
More common is the clonic tj-pe; idiopathic, paroxysmal spasms, pro- 
voked by eating, talking, smoking, or emotional tension. It is more 
common in women, middle-aged to elderly. The muscles most frequently 
involved are the orbicularis oculi, the xygomaticus, and risorius, but 
minor or major spread to the other facial muscles, even the platysma, 
is common. The spasm is occasionally bilateral. The incidence of facial 
spasm is much less than that of trigeminal neuralgia, and somewhat 
greater than that of glossophammgeal neuralgia. 

The therapeutic objective is obvious : relief of spasm without paralysis 
the face So far this has not been attained. In some respects the 
° Mem'^is similar to that of trigeminal neuralgia. It is a common ex- 
latter condition that incomplete root section or alcohol 
perience ^ followed by satisfactory relief of pain vdthout eom- 
injection the involved area. It appeared possible that 

plete loss 0 Tniwlit obtain in the ease of tire facial nerve. The 
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The siu’gieal procedure, done under local anesthesia, is carried out 
through a vertical incision just anterior to the ear. The dissection is 
directed anteriorly along the parotid fascia to the anterior border of the 
parotid gland (Fig. 1), and the primary branches of the facial nerve are 
identified at this point. The several primary branches are then stimu- 
lated electrically, with the face sufficiently exposed to identify the func- 
tional destination of each branch. Those branches which, upon stimula- 
tion, cause contraction of those muscles especially involved in the facial 



Fig. 1. — Anatomic relations of the facial nerve The parotid gland has been divided 
to demonstrate the primary branches of the nerve. 



Pie. 2. — Diagrammatic shetch of operation Xote loose ligature holding ner\'e flap in 

reverse direction. 

spasm arc isolated preparatory to partial section. In the earlier eases 
the appropriate bi-anches were simply divided through about three- 
T'arters of their diameter. In the more recent ca.ses (Fig. 2) a small 
nerve flap was made, composed of three-quarters or more of eaeli in- 
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volved branch, and llic free proximal segment, held loosely in a reversed 
direction by a lightly tied suture. 

Four patients have been operated upon in this manner. The follow- 
up is incomplete on one patient because of his death, presumably from 



Fiff, 3. — Photoeraph of patient, one month after nerve flap operation on right facial 

nerve. 



coronary thrombosis, at a considerable interval after discharge from 
the hospital; satisfactory relief without paralysis had been obtained 
up to that time. The operation was repeated on two occasions, at in- 
tervals of a year in one case. Satisfactory relief without paralysis was 
attained after eacli of the three operations. The last two patients were 
operated upon within the past year and it is too soon to judge the dura- 
tion of relief. With tlie e.xception of slight temporaiy weakness of the 
face immediately after operation, there was very little evidence of motor 
impairment (Fig. 3). At times, on spontaneous blinking, there ap- 
peared to be a slight lag of the involved lid but this was liardly de- 
tectable. It is hoped that the nerve flap tj^pe of section used in the last 
two cases may prolong the period of relief. In any ease, it is quite 
feasible to repeat the operation when the spasm recurs. 
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OBSERVATIONS AND SURGICAL ASPECTS OP THE CAROTID 
SINUS REFLEX IN MAN 


Bronson S. Ray, jM.D., and Harold J. Stewart, il.D., 

New York. N. Y. 

(From the Departments of Surgery and Medicine of the Xeiv Tori' Hospital and 
Cornell University Medical College) 

"^HE carotid sinus reflex began to assume importance as a factor in 
the control of vasomotor and other autonomic effects witli the ex- 
perimental work in animals by Hering (1927®), de Castro (1928-), and 
Hejunans (1929U. To Weiss and his co-workers goes much of the credit 
for bringing to wide attention the significance of the carotid sintis reflex, 
particularly in its abnormal phases, in man. In 1933 Weiss and 
Baker^^ presented evidence to show that the abnormal state of the 
carotid sinus reflex may be responsible for certam symptoms, the most 
spectacular of which is sjmeope. Increasing evidence of the existence 
of what has come to be kno'wn as the “carotid sinus syndrome” has now 
been reported by numerous observers.^* It has developed 

that the carotid sinus is but one of many components on the afferent 
side in the reflex maintenance of the tonus of the autonomic nervous 
system. Because of this fact there has been misgiving on the part of 
some in accepting unqualifiedly the carotid sinus syndrome as a man- 
ifestation of hypersensitivity of the carotid sinus alone. Our experiences 
with the carotid sinus reflex in a selected group of surgical cases may 
serve to add to the accumulating information in this field of inquiry. 

A brief review of the significant aspects of the carotid sinus reflex 
will serve to summarize the subject. Elsewhere the details may be found 
in monographs.®' ” 

The carotid sinus may be thought of as comprising the bulbous dilata- 
tion of the first portion of the internal carotid artery and perhaps small 
contiguous portions of the external and v^mmon carotids. Its walls are 
supplied by a dense plexus of nerves lying in the of the bifurca- 
tion of the common carotid (Pig. 1). This plexus connects by way of 
the “carotid sinus nerve” (nerve of Hering) with the ninth cranial 
(glossopharyngeal) nerve and also Awth the tenth (vagus) and twelfth 
(hypoglossal) cranial nerves and the cervical sympathetics.'® Certain 
of the receptor endings appear to respond to stretch or pre.ssure and 
others to chemical stimuli.® Impulses which arise in the carotid sinus 
pass centrally to stimulate numerous autonomic centei-s. Constant 
stimuli from the carotid sinus exert a tonic inhilntory effect on the 
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vasomotor centers and wlien tlie afferent impulses subside these centers 
overreact, at least until compensated for by the numerous other afferent 
mechanisms. Thus, chau'iing arterial pressure within the carotid sinus 
brings about a fall in systemic blood pressure and slowing of cardiac 
rate with increase of the intrasinal pressure, and the reverse with a 
decrease in intrasinal pressure. 

When abnormal sensitivity of the carotid sinus reflex exists in man 
the evidence indicates that there is an increase in the afferent impulses. 
This results in a variety of symptoms of overactivity of the autonomic 
system depending upon which of the efferent pathways are implicated. 
In persons more severely afflicted syncope may be one of the symptoms. 




The syncopal attaclts may occur without warning or be preceded by 
such sjnnptoms as dizziness (rarely vertigo), paresthesias in the ex- 
tremities, blurring of vision, weakness, confusion, sleepiness, and epi- 
gastric distress. The syncope is usually associated with hyperpnea, suc- 
cessive pallor and flushing of the face, perspiration, faUing, commlsive 
movements varjdng degrees of decline in blood pressure, slowing of the 
d‘ rate and irregularity of cardiac rhythm. The attacks may last 
seconds to several minutes and recovery is usually prompt. The 
^ • -f f o- factors cannot alwajm be discovered but often the attacks 

precipi a turning of the head or pressure on the neck. The 

result 1 ocevm while persons are in the erect or sitting position 

attaclm most o en j.geumbent position. The frequency and severity 
and rarely w i e in same individual. The syndrome 

of the attacks varj o elderly persons, and among those 

is more common m middl . 
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^¥talk intoxi;afi;n. 4 ^^-^P^^denopatliy, and 

sinus. ^ over the abnormal carotid 

neiTcs oeeur?Loimf onTofthrf stimulation of the carotid sinus 

he dmded into W «„ rt u Thus, the syndrome 

the blood pressure anloTL efftTV 

tions during stimulation of tho o« these manifesto- 

as.vstole, (2) the "depressor W^Tn 

eerehral anoxia due fo^fnli ■ S}Ticope results from 

"cerebral type” in systemic blood pressure, and (3) the 

jn cardiac rate or in ^''ithout any significant change 

cerebral blood flow. ” Pressure or possibly without change even in 


erafion wi]] sfrve^hesrr^uT^^!* ^ subieeted to op- 

tivitiesofthe carotid 1” u «- 

tbfe reflex in the field’of lu^^V” significance of 

'■» ’’!>p’-> 

Case I.— q. jj 

attacks of s>^cope for.levlfa engineer, complained of recur- 

fr^Jent fT/oTtZ had received inten.^ivc 

'"h.ch loft a faint Vesidnai^eft 1 a P’" ««« 35 

hr dyspnea aS miL « ten- attack, eharnc- 

one year. P^ccordml pain, ti.ougkt to be angina pectori.,, Z 

first atfnrl- 

^he cab window of a occurred seven years before. Uluie le.aninn- o»t 

•■‘imilar attacks had occurred "1 T ’o-^t consciousness and fell. .Since then 

times a L 'He'LXa r"’"' ^^'^cntlv 

he to saUen turning of tlm 1 , , • ® constant factor unless 

ecurred ivithont warninn- h, f one or another direction. Tlio attacks often 

“S'T “ “•'»«. hT'.'zrkr^;''? ”'1 " 

'»».n,.. 5 *»*« <■'»» •< * t, e,™,, „« "„ ,' 

^cc. nTclrluTT'TF''''' generalized arteriosclerosis of mm . 

;P;y%htlyen!arged?olVwTr'‘'‘''^'‘‘'- ‘'''P''''*’’"-'' rH,t rZl Z 

^h/-0 and the cardiac rate So! P^c««ro aveS 
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The cloctrncar.liogiiun f.hn«o,l nori.ml rlntlin, and left hms doMafion, nrohahiv 
nulicatno of modrrafo loportrophy of the loft ^cntnelo. Othornjse the form of the 
IrncitiR AMIS e‘-'-pnlinl)j iionniil. 



Special tests showed (Chart 1): (a) pressure over tlie right caiotid sinus, no 

ssential change m Wood pressure, cardiac rate, or state of consciousness; (h) pres 
over the left carotid sinus, marked drop in blood pressure, asystole for four 
d itli resumption of slow' abnormal contractions before release of the pros 
econ ® cvncope: (c) after intraienous injection of atropine, all effects 

;are and abolished, (d) after twehe dajs of belladonna in 

,f pressure o blurred vision, drj mouth, and pulse rate of 102; pres- 

mfdcient niotid sinus caused less change in blood pressure and cardiac 

Zn fUerly but the same degree of syncope. 
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At operation ether anesthesia i\as emplo3ed and the left carotid arteries at the 
bifurcation Here exposed (Fig. 1). The arteries rrere sclerotic, containing visible 
atheromatous plaques in their Halls, and the internal carotid nas moderatelj- en 
larged. Bren with general anesthesia the carotid sinus reflex Has intact and tests 
showed (Chart 2) : (a) Pressure on the carotid sinus caused fall in blood pres 
sure and cardiac asj stole; (b) occlusion of the common carotid on two different 
trials diminished the intrasinal pressure and caused the reierse effects; (o) the 
injection of procaine into the caiotid sinus nerves caused considerable rise in blood 
pressure and cardiac rate and abolished the reflex. The carotid sinus nerves and 
carotid body were excised and the blood pressure and pulse gradualh returned to 
normal in thirty minutes. 

During one j ear’s follow-up there was no return of spontaneous attacks of 
^.vneope and no changes could be induced by pressure on the carotid smuses 



Chart 2 (Case 1) — Graphic representation ot the changea observea In tests at 
operation on the left carotid sinus as listed in the text. 


The lij’persensitive carotid sinus reflex was limited to the side on 
which the carotid sinus demonstrated the greater enlargement. The 
I'eflex was of the “vagal tj-pe” since the i espouse was abolished b.v a 
suitable amount of atropine given intravenously, but the failure of 
atropine to prevent sjmeope when given in smaller doses bv- mouth is 
Mgnifieaiit. It indicates tliat in the nioic severe ca.ses. at least, atropine 
IS of no value therapeutically and it has the disadvantage of producing 
taciiycardia and a group of unpleasant sjanaptoms. 
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Jn tlie observations a( operation it is important to note that ether 
anesthesia did not aft’cct tlie reflex response indneed by pressure on the 
carotid sinus. 

Tlie increase in blood pressure and cardiac rate folloinug reduction 
in iiitrasinal pressure induced by occlusion oi the common carotid was 
o£ the same degree on repealed trials. But a reduction in intrasinal 
pressure of sufficient degree to produce changes equal to those resulting 
from interruption of the carotid sinus nerves would probably require 
occlusion not only of the common carotid but of the external and the 
distal internal carotids as well. 


C\sh 2 — J. P., n eS} ear old retired busincs'-man, complained of recurring faint 
ne»s lor tiio jeais. He had a long liistoij of peptic ulcer and had had a gastro 
jojiiiiostomj ten jeais before, without complete lelief of sjiiiptoms. 

For two jeais he had recuiiiiig iiaiii ni the right side of the neck radiating to 
the angle of the jaw and ear, occasionallj to the eje and foreliead. For the same 
period ho had beneath the angle ot the right jaw a swelling which at times seemed 
mole iiroiiunent and slightlj tender. When these sjmptoms were most noticeable 
he was liKelj to ha\e licquent attacks of sudden faintness. Been though he ne\er 
lost consciousness he was momentanlj confused and the attacks had grown so fre 
quent that his acticitics were limited He belieied that smoking made him more 
susceptible to attacks 

The physical e\amination reiealed geneial aitenocderosis. The bulbous portions 
of the internal carotid arteries were prominent and almost aneurjsmal; the 
riglit was nioie prominent than the left and tender to palpation. The cardiac 
findings weie normal. The blood pressure aceraged llG/ff and the cardiac rate 68. 

The electrocardiogram showed moderate left axis deiiation, but on the whole 


the foini of the tracing was normal 

Special tests showed (Chait 3). (a) piessuie over the left carotid sinus, slight 

change m blood pressure and cardiac r.ite, (b) pressure o\ei the right carotid 
sinus marked drop in blood pressure, asj stole foi six seconds with resumption of 
slow rate before lelease of pressure, and complete sjneope pieceded bj numbness 
in the left lower extiemitj , (c) after intravenous injection of atiopine all effects 
of pressure on either caiotid sinus were abolished. 

At operation a limited amount of procaine was employed locally and the light 

carotid arteries at the bifurcation were exposed The vessels were slightlj sclerotic 

and the bulbous portion of the inteinal carotid was twice normal size. On manipu- 

1 tion of the arteries pam similar to that complained of prior to operation occurred 

, 1 ...I. inri behind the ear Stimulation of the w alls of the carotid arteries 

the neciv, jaw, ajju 


in 


stimu 


th a faiadic curient produced a localized pain which did not radiate This 
* aused no change in blood pressuie, cardiac late, or state of consciousness, 
lation cau.^ gliowed (Chart 4) . (n) Piessure on the carotid sinus caused fall m 

Other tests ® asystole, and syncope, (b) occlusion of the common carotid 
Wood pressure and cardiac rate, while sudden release of the occlusion, 


blood pressure, 

caused rise in mooa ^ intrasinal pressure, caused temporary fall in pres 

by virtue “Y ;„te below the normal; (c) procaine injected into the carotid sinus 
sure and cardiac ra blood pressure and cardiac late and abolished the 

nerves caused mo era e ^jg^ves and carotid body were excised and the blood 
reflex. carotid sinus returned to normal after six hours, 

pressure and cardiac rate g.adua y 
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During eight months’ follow-up there were no spontaneous attaeks of s^cope and 
no changes could be induced br pressure on the nght carotid sinus. Pressure on the 
left carotid sinus produced the same moderate changes as occurred originall}'. 

Carotodynia appeared to accompanj’’ the hypersensitive carotid sinus 
reflex and probably both tvere the result of local pathologj’- in the 
carotids. Slanipulation and faradie stimulation of the walls of the 
carotids readily demonstrated their pain sensitivity. 


J p. 36 S 06 M ee 
ppeoperative observations 


120 : 


NUMB kT.FT.B 
SYNCOPE 



I PRESSURE ON LEFT 
CAROTID SINUS 

2. PRESSURE ON RIGHT 
CAROTID SINUS 


I^AFTER ATROPINE 
^ESSURE ojj LEFT 
a RIGHT CAROTID SINt 





ODCMAln * {Case 2) — Graphic representation of the chanpres observed in the pre- 
demnnsiS.i;f^Hi listed m the text The simultaneou<! electrocardiographic records 
■-■■loiisirate effects of the \anous tests on cardiac rate and rhythm 


In the other observations at operation it is significant that the increase 
m blood pressure and cardiac rate following sudden occlusion of the 
common carotid was of greater degree than that which occurred after 
injection of procaine into the carotid sinu-s nerves. This is in keeping 
"ith the frequent observation that in the carotid sinus refic.x the de- 
Ricc of the response is in direct proportion to tlic suddenness and the 
dinount of pressure on the carotid sinus. The lesser response with an- 
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esthelization of tlie sinus nerves may be accounted for by the slower 
inteiiuption of the afferent, stimuli, thus affording time for compen- 
satory reactions. 

Cask P. E., a .5S-}’par*old stationary engineer, eoiuplained of recurring syncope 
for six niontlis. He find a .=pven ycar.s’ history of mild sj-mptoms of peptic ulcer 
made worse by alcohol and nverindnlgence in tobacco. A lesion presumed to be a 
chancre had been treated toeajiy by cautery in lOJO; the serologic tests for syphilis 
were normal subsequently. 



I. PRESSURE 
ON CAROTID 
SINUS 



2. OCCLUSION, p'GSit 

a release. OFEE 
COMMON CAR- 
OTID ARTERY S- 


3. AFTER PRO- 
CAINE IN CAROTID 
SINUS. PRES- 
SURE ON CAR- 
OTID SINUS. 



-Grapl'ic representation of the changes observed in tests at 


Chart 4 caroiio smus, as hslou m me lexL. xiie seumtaoeeuo e.e...... 

operation on Ine 1 o ^g,„(,nstrate effects on cardiac rate and rhythm of the various 

cardiographic reco 


tests. 


onths he had a succession of attacks of sudden faintness when leaning 
For SIX ni leaning over the wash bowl, and on turning his head to the 

over to tie us Jgourred on several different occasions when on entering his 
left. The attac'S ^ Although the attacks never 

house he turne ° ‘ consciousness or failing, tliey were distressing and made 

progressed to mtn machinery. 


him fearful at his 
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The physical examination revealed generalized arteriosclerosis of moderate de- 
gree. The common carotid arteries ■were prominent and the bulbous portions of the 
infernal carotids were enlarged. The cardiac findings were normal. The blood pres- 
sure averaged 120/70 and the cardiac rate 65. 

The electrocardiogram showed normal rhythm and slight left axis deviation, prob- 
ably associated ■with beginning hypertrophy of the left ventricle. But the form of 
the tracing was essentially normal. 

Special tests showed (Chart 5) : (a) pies-sure over the right carotid simi.s, slight 
drop in blood pressure and slowing of cardiac rate; (b) pres.snre over left carotid 



I. PRESSURE ON 
RIGHT CAROTID SINUS 


E. PRESSURE ON 
l-EPT CAROTID SINUS 



3 AFTER l-V ATROPINE 
pressure on right 
a LEFT CAROTID S. 



onernfivn 'I -I). — Graphic representation of the chanBes obscr\cd in the pre- 

dmiiAnlt™. listed in the text. The sinniiLineous eicctroc.irdiopraphic records 

■oonstrate the effects of the vatious tests on cauiiac rate and rhjtlim. 


sinus, marked drop in blood pressure, cardiac asystole for six and one half .seconds 
''1 i rcMimption of slow rate before release of prc.ssure, and eomploto syncope: 
c) .after intravenous injection of atropine all elTeets of pressure on either carotid 
sinus were abolished. 

At operation a limited amount of procaine nas employed locally and the loft 
carotid arteries at the bifurcation 'were exposed. The vessels were markedly sclerotic 
n”'” *- interna! carotid nas enlarged. Tests showed (Cluart 6) .- 

f'H • '"Icmnl carotid 4 cm. above the bifurcation caused moderate 

eii'miM pressure and slowing of cnrdiac rate; (b) ocehi.sion of the common 

u pro need no change; (c) pressure on the carotid sinus catised marked drop 
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in blood pressure, cardiac asystole and sjncope; (d) injection of procaine into the 
carotid sinus nenes caused marked rise in blood pressure and moderate nse in 
cardiac rate and abolished the reflex The carotid sinus nerves and carotid body 
were excised and the blood piessure and cardiac rate gradually leturned to normal 
in One half hour. 

During fen months^ followup there neie no spontaneous attacks of syncope and 
no changes could be induced bj pressure on the denenated carotid sinus. Pressure 
os the opposite sinus produced the same moderate ciianges as occurred originally. 

At least two oi the observations at operation are of interest. One. 
oeelusion of the internal carotid 4 cm above the hifnrcatton, stimnlated 
the simts reflex. 'Whether the stimnlation occurred by direct pressure 
on nerve endings that extend above the bulbous portion of the internal 
carotid or hy increasing the intrasinal pressure cannot be determined. 
But it was demonstrated by pressure tests in this and at least one other 
case that the carotid sinus nerve endings do not extend down into the 
wall of the common carotid any appreciable distance 

The other observation of interest is the ahsenee of effect on lowering 
the intrasinal pressure by oeelusion of the common carotid, yet a marked 
effect on anesthetization of the carotid sinus nerves. The most tenable 
explanation is that in the presence of a very sclerotic and rigid arterial 
wall the effects of lowering the intrasinal pressure are nullified by the 
failure of the sinus to collapse. 

CvSE 1 — H L, a 59 j car old retired fireman, complained tbat wlien anj thing 
pressed, even gently, on the right side of hi"! neck he fainted 

He had had a carcinoma of the lowei lip on the light tide excised surgically 
on two occasions in the previous six jeais Tiieie wa'- a question of metastasis to 
the eenical node* and he had been concerned about palpable nodes in hts neck, 
especially on the right side. 

For about eight months he had found that palpation of the right side of liio 
»eck just heneath the jau b) plnsicians or bj himself almost alwavs resulted in an 
attack of faintness with either partial or complete lo'-s of consciousness. Pressure 
iiere from shaving or from a collar also induced the attacks but as long as no pres 
sure occurred there were no attacks. 

The phjsical examination revealed the scar of an apparentlv cured lesion of the 
loner hp on the right. There was con-iiderable oral infection due to decajed teeth 
and a number of nontendor cervical nodes on both «ides of the neck but most pro 
nounced on the right. Tlie carotid arteries on both sides of the neck were prominent. 
Tiierc wav a moderate degree of generalized artenovclerosiv The cardiac findings 
"ere normal but for slight enlargement of the heart to the left. The blood pressure 
I'.av Jfit/Po and the cardiac r.ite 80 

fho clcctroeardiograin showed normal vmus rhvtlwu and moderate left axis devia 
bon. PJie form of the tr.icmg v\.iv essontialh nornuil 

Special tests showed (Chart 7)- (a) pressure over the loft carotid sinus, a de 

cided fall in blood pro-sure and cardiac rate, and slight v^mcopo, (b) pre— ure on 

10 right earolid -mus, niarked drop m blood prc-surc, cardiac a-y stole with a feu 
nbiiormal contractions oi curring during the period of pres-ure, and sinmltaneous los- 
of conscioucucss With convulsue movements of the extrermtics more marked on the 
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le£t; (c) uftcr iiitru venous injection of atropine all clTects of pressure on the 
cjirotid sinuses ivere nbolislied Ijiif for slij^lit iiradj-cardia following- pressure on the 
right sinus. 

At operation ether anesthesia was employed and the right carotid arteries at the 
bifurcation wore exposed after radical dissection of the neck and excision of nodes 
had boon performed. The carotids were moderately sclerotic. Tests showed 
(Chart S) : (a) Occlusion of the internal carotid 4 cm. above the bifurcation 
caused slight drop ia blond pressure and in tlie cardiac rate; (b) occlusion of the 
common carotid caused but slight rise in blood pressure; (c) pressure on tlie carotid 



a. PRESSURE ON RIGHT 
CAROTID SINUS 


3 AFTER l-V 
pressure on left da IV 

OTID SINUS, premure ON 

right carotid sinus. 




rnohic representation of the chanees observed in the pre- 
Chart 7 (Case the text. Tlie simultaneous electrocardiographic records 

operative tests as tests on cardiac rate and rhythm, 

show the eitecis la 

fall in systolic pressure and marked slowing of the caidiac rale; 
sinus caused niai carotid sinus nerves caused only slight rise in 

(d) injection of proc i reflex. The carotid sinus nerves and caiotid 

systolic Ln-ical nodes were inflammatory. 

body were excise . spontaneous syncope occurred and uo changes 

B.™g .ig« ^ 

followed pressure over the g 
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In tins ease the carotid simis reflex was hypersensitive on both sides 
but much more aecentnated on the right. In the preoperative tests it 
is interesting that with stimulation of the sinus reflex on the right there 
occurred convulsive movements only on the left Tins would suggest 
that changes occurred in the right cerebrum to cause the concisions, 
yet when the effects of the reflex on the systemic blood pressure and 



the cardiac rate were abolished by intrasenous atropine the coinulsions, 
as well as the syncope, failed to develop also Since the effect of at- 
I'opine is assumed to he peripheral, and the orvsrin of the convulsions 
was central, the aholUion ot the coinuKions In uucctum of atropine is 
a pamdox nhich is not readily explained 

I’lie lise in blood pressure was slight and change m caidiac rate nil 
«Her anestbetixation of the carotid sinus nin\es which suggests that in 
people with lu-yici tension interruption ol the afl'eient part of one carotid 
sums ictlex may he aceoupiamed In little change m iiiood pressure. 

It. Cnsr Ilf Jfypcrscnsihvc Caroltd Sntns litflix (Virfhrnl Typr) .-If- 
'•'iciitifd 11 i(/i Tvhcrcxtlitxis Xodc'> tn Ihc .Veil, iii Whuli Cure FoUuivcd 
I'xckion of (hi XodcH. 
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Cask 5. S. D ’A., a 'iO-ycar-olil plumber, complained of recurring swelling in tlie 
nock and of fainting attacks. 

Ho bad bad recurring tuberculous node.s in tbc neck for about ton years, treated 
with numerous local excisions. For tbe pa.st six monflis .‘•ovcral fairly large painless 
.swellings bad c.xistcd beneath the angle of tbe right jaw. For three months he bad 
daily attacks of .sjuicopo heralded by a full feeling in the head, dizziness, and gen- 
eral weakness. Ho never lost consciousness and never fell but was confused for 
eight to ton seconds and following this broke out in perspiration, especially about 
the face, and felt nauseated. The attacks usually occurred while he was standing 
but occa.sioually while sitting. 

Physical examination revealed a well-nourished healthy looking man. There 
wore several palpable nontender nodes in both sides of the neck, the largest being 



about 214 cm. in diameter and lying just over the right carotid sinus. There was 
no active" pulmonary tuberculosis. The cardiac findings were normal. The blood 
pressure was 120/80 and tlie cardiac rate 70. 

Special tests showed (Chart 9): (a) pressure over tlie left carotid sinus, no 

ff ts- ‘(b) pressure on the node over the right carotid sinus, only slight fall m 
*'Tlic pressure and cardiac rate but complete syncope; (c) intravenous injection 
■ e abolished the effects on blood pressure and cardiac rate but not the 
of pressure on tlic right carotid sinus; (d) intramuscular injection 

sj-ncope essentially the same effects as injection of atropine; (e) injection 

of adrena in . riirlit carotid sinus caused a rise in blood pressure and cardiac 
“VC'eVrope did not occur with pressure over the sinus. 

. , jarcer cervical nodes on the right side were excised locally 

At operation >e on. the carotid sinus reflex at tiio operation, 

and no oust' . ..^fion there were no spontaneous attacks of syncope and 
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The “cerebral type” of sjTicope occurring Yith a hypersensitiT’e 
carotid sinus reflex is the most interesting of the three tj-pes of SNuieope. 
Its mechanism is not at all clear since there are no demonstrable changes 
in blood pressure or cardiac rate and some deny the existence of this 
type of sjTicope. If it does exist unqualifiedly it is the only example 
in which loss of consciousness alone occurs from the stimulation of af- 
ferent nen^es. In the study of this patient every effort was made to 
avoid suggestion or making Mm aware of anticipated phenomena. 

G. Two Cases Illustrating Beactions of the Normal Carotid Sinus 
Reflex Whew Examined at Operation. 

Case 6.— M. L., a 16 jear old girl, had a lenfied cocgemtal arteriovenous anomaly 
existing principally in the pial Teasels over the left parietal cerebral hemisphere. 
The lesion caused local convulsive seizures in the right extremities without loss 
of consciousness. 

Physical examination revealed a cephalic bruit ou the left and slight impair 
meat of sensation on the right side of the body In othei respects she appeared to 
be normal. The blood pressure was 110/60 and the cardiac rate 80. Ihe form of 
the electrocardiogram was normal. 

The carotid arteries in the neck were not remarkable on palpation Pressure over 
each carotid sinus caused slight fall m s^tolic pressure and slight slowang of cardiac 
rate. Pressure on the left carotids caused diminution in the cephalic bruit and this 
was the indication for carotid ligation. 

At operation procaine was employed loeallv and the left carotid arteries at the 
bifurcation were exposed. The arteries were •^lightly larger than average but other- 
«»Ee appeared normal. Te<=ts showed that (Chart 10) ; (a) Occlusion of the common 

carotid caused slight rise in sjstolic pressure and cardiac rate and on sudden re- 
ica'e of the occlusion there vvas prompt return to normal but uo drop in blood pres- 
sure or slowing of cardiac rate below the original level, (b) pressure on the carotid 
sinus caused slight fall in systolic pressure and *ilowing of cardiac rate; (c) gradual 
injection of procaine into the carotid sinus nerves (followed by' ligation of the 
common carotid artery) c.aused moderate ri'e in blood pressure and in cardiac rate 
wilii return to normal m ten minutes There were no untoward effects from hga 
t'on of the carotid. 

Cvsi ( — yp J5., a IP year old boy-, had a verified congenital arteriovenous anomaly 
existing largely in the pial ve-scls over the right parietal cerebral hemisphere. This 
icsion caused local convulsive seizures m the left extremities without loss of con- 
sciousness, 

Pliysical examination revealed a cephalic bruit of low intensity and slight changes 
m the relieves on the left side of the body. In other respects he appeared to be a 
nornuil Iiealthy hoy. The cardiac findings were normal. The blood pressure was 
ll-i/'.'i and the cardiac rate 6-f. The form of the electrocardiogram was essentially 
normal. 

The carotid tirtencs in the nock were not remarkable and repeated pressure over 
the C'lrolid pinuscs faded to prodiao any change in blood jiressuro, the cardiac rate, 
or the state of eonseiousncs... Occlusion of the right carotids did. however, diminish 
the tephahe hrmt ami this was the iiidie.ifion for carotid ligation. 
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At opciiitioii proeainp «!is omplojod lopally and the riglit parotid arteries at the 
bifuication ^^PIe expo-iod. The \ex‘.pl‘! and adjaeont strucUirps rvcrc of normal ap- 
poaianec. Tcstb '■honed fliat (Cliarl 11): (a) Oeclusion of the common carotid 

cau'-pd prompt and marked lisc in blood picssuie and cardiac rate nith return to 
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normal fise minutes aftei release of the occlusion; (b) repetition of the occlusion 
of the common carotid caused the same tj'pe of response before but of le“s 
degreee; (c) pressuie on the caiotid smus caused no changes; (d) injection of 
procaine info the carotid sinus nenes (followed bj ligation of the common carotid) 
caused only a moderate lise in blood pressure and caidiae rate with refuin to nor 
nal m fifteen minutes. Tlieie were no untoward effect- from the ligation of the 
carotid. 


^Vliile many tests have been made on the effects of pressure on the 
normal carotid sinus there is limited opportunity to employ direct 
tests on tlie nonnal sinus that has been expased at operation. In Cases 6 
and 7 there are lesions of the cerebral vasculature but it is reasonable 
to assume that the carotid sinus reflex in each is normal. The responses 
of the normal carotid sinus are thought to be variable within limits and 
the responses in these two eases are confirmatory. 

The responses in Case 6 probably represent those existing: in the 
majority of people with a normal carotid sinus reflex. In Case 7 the 
absence of hypersensitivity of the sinus reflex is demonstrated by the 
lack of response on direct pressure on the sinus. The marked rise in 
blood pressure and cardiac rate on sudden reduction of intrasinal pres- 
sure by occlusion of the common carotid can be considered normal 
tbongh not constant in all cases. The fact that a repetition of the test 
shortly after gave a response of less degree, and that after a few minutes 
interruption of the I’eflex by anesthetization of the carotid sinus nerves 
gave little response at all, indicates the sustained effects of compensatory 
mechanisms once they are induced. 

Case Ilhitfmting St/ncopr Due Xoi fo Hupmenntivr Carotid 
Sinus ReflcT But to Arterial Occlusion Alone 


C'SF S. — c. E, a 01 joaroW woman, strmk bor licml in a fall rf"-ulfing m .an 
arfprioionous fistula betneen the intraeranial portion of the internal carotul artery 
iind the eaiernous mhu-- on tlie right. She ■>uffeir<i from headaehc ami l 0 '« of motion 
m the riglit eje. 

Phisipal examination re'ealed eouiplete opiitlialmoplegi’i, impaired xision, and 
penorhital edema on the right. There wa- a loud iranial bruit ami general arteno 
vlero'ii', of moderate degree. The heart na' nornia!. the blood pre—ure IlO/TO. and 
Ihe enrdiae rate OS. 


bigalum of the carotids in the right -ide of the nei K nas planned a- a fherapeutie 
nie.isiire. Honeier, trial oiciiisioii of the right larotid- alwajs re-iiited m prompt 
osv of ("oti-i loiisnesii -ind conculsne moienienfs on the left -ide of the hodi. Since 
th< p.itieat s nei'K nas short ami thn'k it was ne\er po'-iblo to determine definileh 
"hither anj pre-sure sufilrienf to oerlude the lonmion larotid alone might not 
at the s.iiiip t,[,ie [,(. stiniiilating the cirolid sinii' reflex .is noil. 

I'peeial tests shotted that ((’hart ICi (a) Drc—iire on tlie left earofid sinus 
e uispii „n ilianges; (Dj jiressure on Ihe right carotid siini- i.aiiscd sc„eope and loft 
onxailsic,. imuements Imt no ehange in Idoi d pir— lire or cardiac rate; fr) after 
intr.iK nous injc-clmn of atropnm, pres-ure on the right eatotid s,niis eau-eci t|,o 
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response ns Iiofore; (d) nftcr injection of procaine into tlie right carotid sinus 
nerves syncope still followed pressure over the right carotid sinus. 

The obsorvntion,s dcmonslrafcd the respon.sihility for sj-ncope following pressure 
on the carotids to rest wholly in the cerebral ano.via due to carotid occlusion. Tliui;, 
therapeutic ligation of the carotids was shown to be unsafe. 

Tliis case illustrates the usefulness of emploj'ing tests to demonstrate 
the presenee or absence of a hypersensitive carotid sinus reflex. Doubt- 
less therapeutic carotid ligation has been denied patients in the past be- 
cause sjuicope occurred with trial occlusion of the carotids by pressure 
on the neck when exclusion of the carotid sinus reflex would have indi- 
cated the safety of the ligation. 



Phnrt 12 (Case S). — Graphic reprrc''ntaticn of the changes observed in the tests, as 
v^uctic xp listed In the text. 


E. Five Gases Ilhistrating the Variahle Role of the Glossopharyngeal 
Nerve in the Transmission of the Afferent Impulses From the Carotid 

Sinus. 


p ^ j, os-year-old man, had intractable pain from carcinoma and 

ft' of the right mandible. There was little generalized arteriosclerosis. 
Tt*^°heart was normal. Siood pressure was 130/80 and the cardiac rate 80. Sec- 
tiol oTthe fifth and ninth cranial nerves was advised for relief of pain. 

' ” ation ether anesthe.sia was employed and the right glos.sopharyngcal nerve 

At opera minutes following, the blood pressure rose 

was cut of 100/95, then gradually retiinicd to normal in tlie 

steadily fro® ^ period the pulse rate rose and fell fen point.s. 

next fifteen minute, m J were the same ns the prcopcrativc. 

The postoperative blood pressure I 
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Case 10. — C. Y,, a 61-year-old man, had intractable pain from carcinoma involv- 
ing the right maxilla, mandible, and pharjux. There was a moderate degree of 
generalized arteriosclerosis. The heart was normal. The blood pressure was 130/80 
and the cardiac rate 80. Section of the fifth, ninth, and tenth cranial nerves and 
upper cervical sensory roots was advised for relief of pain. 



At operation prorainc was emplojed locally and the riglit glo-^opharyngeal 
nerre nas cut intracraniaily. In the ten minute-, folhmmg, the blood pre.=uro ro-e 
from 120/7.J to 130/7.1, tlien gradiiaiK returned to the original leiel in the next 
fifteen minute^. In tiie same period tiie jml-e rate ro-e and fell eiylit point-. Wlien 
the lappjQ nerve was cut infraenmialiv lati r there wa-, an aieonipanunK ri<;e in pui-e 
rate of f«enty point-, but no rhange m blorei pri-ure. The po-toperative blood 
prcb'ure and pul=e rate v.ere the -ame as the preoperative. 
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Cash 11. — E. B., a j!^^eal-ol(l man, had paroxjsmal pain characteristic of 
glossopliaiyngeal ncuialgia on the left. His geneial plij.sical condition nas good. 
The lipart r\as normal. Blood pic.ssuie was 1^8/70 and cardiac rate 78. 

At ojiciation arcitin and ether were employed and the left glossopharyngeal ner\e 
was cut intiacianially. In the next six minutes the blood piessure lose from 110/70 
to a Icrol ot yAo/75, then giadually lefuined to its oiiginal lerel in the next twenty 
minutes. In the same peiiod the pulse rose twehc points. The postopeiatire blood 
prcssuie and pulse into weie the same as the pieopeiative. 

Pnc years after section of the left glossophaiyngcal nerve, piessure over the 
light carotid sinus caused niarhed slowing of the cardiac late and diop in blood 
picssuic but no syncope, wdiile piessure on the left sinus caused no etfects. An- 
esthetivatioii of the left carotid sinus with 15 c.c. of 1 per cent procaine (Chart 13) 
caused piompt lise in systolic piessuie of twenty five points and in diastolic piessure 
of twohe point'. The cardiac late incieased but six points. There was a giadual 
retuin of blood piessuie to iioimal in foity-ti\o minutes, during which the effects of 
the procaine subsided. This response indicated an intact carotid sinus reflex. Ac- 
companying sAiiiptoms of anesthetizing the aiea were a left Horner’s syndiorae, 
lioaiseness, and deviation of the tongue to the left. 

Case 12. — G. H., a oSieaiold man, had paroxismal pain cliaiacteristic of 
glossophaiyngcal neuralgia, on tlie left. He had geneialized arteriosclerosis. The 
heart nas not enlarged but the cardiac rate was irregular. The blood pressure 
was 110/80 and the cardiac late 120. The electiocaidiogram showed auricular 
fibrillation and complo.xes indicating myocardial damage. After digitalization the 
cardiac rate and ih^thni returned to normal. 

At operation procaine was emplojed locally and the left glossopharjngeal nene 
was cut intracianially. This was unaccompanied by any significant change in 
cardiac rate oi in blood piessuie. 

One jear after section of the left glossophaijngeal nene, pressure over either 
caiotid sinus caused no appieciable eftects. Anesthetization of the left carotid 
sinus with 10 c.c. of 1 pei cent piocaine (Chart II) caused prompt rise in systolic 
pressuie of fifty points and in diastolic pressuie of sixteen points The caidiac late 
increased but five points. Theie was a giadual retuin of blood piessure to normal 
m thirty five minutes, during which the effects of the piocaine subsided. This re 
spouse indicated an intact caiotid sinus reflex. Accompanjing symptoms of an 
esthetization of the area weie left Hoinei ’s syndiomc and lioaiseness. 

CtsE 13— G- C, a 40 year old woman, had had the fifth and ninth cranial and 
the first four ceiiical sensory loots cut intiadurally on the left side for neuialgia 
of unicnown ongm. In addition, examination showed palsy of the eleventh and 
twelfth nenes on the left. The opeiation had been peifoimed elsewhere and the 
record of pulse late and blood piessure duiing operation was not available. The 
heart was noimal. The blood piessure was 130/80 and the pulse latc 70. 

Eighteen months after section of the left glossopharyngeal nene (plus paialysis 

the left hypoglossal) pressuie oiei either caiotid smus caused no appreciable 

Effects Anesthetization of the left caiotid sinus with 20 c c. of 1 per cent procaine 

* r? left Horner’s syndiome, lioaiseness, dysphagia, and tachycardia but no 

cause a t-tsssuic This indicated the absence of an intact carotid smus 

change m blood pressuie. 

reflex. 

'cally the connections of tlic nerves to the carotid .sinns iiave 
^ c hr, irifli the ninth, tenth, and twelfth cranial nerves and 
teen she™ The pvineip.l nerve with whirl, the .shuts 

the to he siipidied is the ninth cranial nerve through tlie 
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“cavotid simis nerve” {nerve of Herms). On the basis of experimental 
denervation of the sinns in clopis it has been conelnded that the eai’dio- 
vascnlar components of the sinns reflex are eondneted solely through the 
carotid sinns nerve.^ Bney' cited his experiences rvith four cases in 
which, with intracranial section of the ninth crania! nerve, there wms a 



resultant rise in blood pressure. The conelnsion whidi these and other 
observations imply is that in man the afferent impnlses of the sinns re- 
nex are conducted through the ninth cranial nerve and its branch the 
carotid sinns nerve. 

In four cases (Cases 9 to 12) of intracranial section of the ninth 
cranial nerve, temporary rise in blood pressure occurred in three hut 
tliere was no change in the fourth, Iir two eases (Cases 11 and 12) 
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subsequent anesthetization of the carotid sinus on the side of operation 
caused the characteristic rise in blood pressure that occurs with tlie in- 
tact reflex, indicating that the sinus reflex was qualitativelj" unchanged 
in these two. In Case 13 anesthetization of tlie carotid sinus on the 
side of opei’ation caused no change in blood pressure but in this case there 
was, in addition to the section of the ninth cranial nerve, a paralysis of 
the twelfth cranial nerve. 

These ol)servations, therefore, indicate that in man the afferent im- 
pulses of the carotid sinus reflex are not transmitted solelj^ through the 
ninth cranial nerve in all instances. 


COMMENT 

When the sjonptoms of hypersensitive carotid sinus reflex are mild 
or infrequent, reassurance, instruction in avoiding quick movements of 
the head or pressure on the neck, and mild sedatives will often suffice 
to avoid or minimize attacks. X-ray irradiation of the carotid sinus 
has been suggested as suitable treatment for the hypersensitive reflex’'* 
but irradiation of tumors in this region sometimes induces a hjT)ersensi- 
tive reflex. Prolonged use of ati-opine, ephedrine, or comparable drugs 
to control symptoms is not desirable. When sjuiiptoms are more severe 
surgical denervation of the carotid sinus is indicated. 

There are no indications that the normal carotid sinus reflex should 
be of itself the source of serious complications during surgical proce- 
dures, but that a hypersensitive reflex possesses potential dangers de- 
serves wider recognition. The anesthetic management,’*^ the sensitizing 
effect of digitalis,^ and the dangers of operations in the neck in patients 
with hypersensitivity of the carotid sinus reflex"’ have been emphasized 
by others. Doubtless there will be increasing evidence of the role of the 
hypersensitive sinus reflex in the production of surgical complications, 
many of which have gone unexplained in the past. It might be well for 
surgeons in their routine preoperative examinations to include pressure 
L the carotid sinuses of every patient. During operation, in the event 
cardiac arrhjffhmia or asj’stole, bradjmardia, vascular hypotension, 

^ iblv convulsions, infiltration of the area between the external 

■ + ’nal carotid arteries with procaine on the side known to possess 
^ersensitive sinus reflex will abolish the reflex and may possibly 

restore the patient. 

CONCLUSIONS 

• iivnerscnsitivc carotid sinus reflex is made by the 

1 miie diagnosis 01 . 

1 . inc u o cvstematic examination of the carotid sinuses, 

patient s sometimes is associated with the carotid sinus s.vn- 

drome. 
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3. The frequency of local abnormalities of the carotid arteries and 
adjacent tissues on tlie side of the lijirer-sensitive sinus reflex suggests 
that the abnormal reflex results from pathology in the sinus. 

4. If sjuiptoms of hypersensitive sinus reflex are disagreeable or 
incapacitating and not controlled b%' simple measures surgical denerva- 
tion of the carotid sinus is advisable. The operation causes only transi- 
tor}' alteration of the cardiovascular system. 

5. By anesthetizing the carotid sinus nerves it is possible to distinguish 
between syncope due to a hj'persensitive sinus reflex and syncope due 
simply to cei-ebral anoxia resulting from carotid occlusion. 

6. The glossopharyngeal nerve in man is not in every instance the 
only nerve through which afferent impulses of the carotid sinus reflex 
are transmitted. 

7. Hjqrersensitmty of a carotid sinus reflex may play an important 
role in the production of cardiac arrlij-thmias, cardiac asystole, and fall 
in blood pressure occurring during operations, especially operations 
about the neck. 

8. Ether anesthesia cannot be counted upon to abolish a hypersensitive 
sinus reflex. 

9. Infiltration ivith 1 per cent pi'ocaine of the carotid sinus nerves 
lying in the space between the internal and external carotids always 
temporarily abolishes the sinus reflex. Simultaneous bilateral anes- 
thetization of the region of the carotid sinus is not advisable because of 
the possible bilateral laryngeal palsy that might accompany it. 
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UTAMIN A CONTENT OF PLASMA AND HEPATIC TISSUE 
BIOPSIED at operation ; EFFECTS OF PREOPERATIYE 
THERAPY IN OBSTRUCTIVE .JAUNDICE 

•loiix I). Stuwart, 3U)., BnTAi.o, N Y, \n-i) 

0. Margaret Rockke. B.A.. Boston, .M\s^ 

( mOie Surgical Lahoratorica of ihe Ilarianl Midtctd Stlioul at thr Mci'^sachnaetfs 
General Hospital, Tioslon, Mas'-achusetts, tin Eilwaul .1 Mn/er M< mortal 
Hospital^ lyitffalOf Xiir Yotk, mifl iht rnun^iti/ of 
IhiftaJo Mciheiil School ; 

INURING the course of studies on the bioOiemicol c‘lum"c'S due to 
obstruction of the biliary tract, it secimnl desirable to investigate 
possible disturbances in vitamin A metabolism. Abnormalities in vitamin 
absorption, conversion, and storage in obstructive jaundice mi»ht be 
pie ieted on the basis of available evidenced’ - Beta-carotene, the com- 
nion Aegetable source of vitamin A, like vitamin A is fat-soluble and is 
aisoibed from the intestine with difficulty in the absence of bile 
sa Is. ' 3 Beta-carotene and other carotenoid precui'sors of vitamin A 
apparently are converted into the vitamin in the liAcr, through the action 
a an enzyme, carotinase.^ As shown in studies on rats, from 90 to 95 
per cent of the vitamin A of the body is stored in the liver, small amounts 
a 0 being found in the kidneys and lungsd Storage of carotene as such 
occurs to only a negligible extent, however. 

Conditions which influence the concentrations of vitamin A and 
carotenoids hi the plasma are not well understood. Besse.v and dVolbach* 
c uded that there is no association between the amount of carotene 
ingested and its level in the plasma. The question has been raised as 
0 w lether vitamin A concentration in the plasma reflects the extent of 
opatic storage, for fluctuations of the plasma value may occur during 
acute infections. The weight of evidence seems to indicate, however, that 
P asma vitamin A concentration in the absence of fe\er is a satisfaetory 
in ex of the state of vitamin A nutrition.’^’® From observations on 
sixtj-two noi'mal men and the same number of healthy women, Abels and 
eo uoikers' reported a plasma vitamin A range of 1.32 to 2.08 U.S.P. 
milts per cubic centimeter for the men, and 1.03 to 1.95 for the women, 
le average figures being 1.70 and 1.49 respectively. 

Jleasurements have been made by various investigators on the vitamin 
concentration in the post-mortem hepatic tissue of individuals who 
iiid‘ acute or chronic diseases. The livers of previously healthy 
— succumbing to violence were found- to have an average 

F«b. 12-l4f'i942 meetmsr of the Society of Unuciaity Surgeons. Cincinnati. Ohio, 
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Of the various inodificafioiis of the Carr-Price aiitunony trichloride 
reaction for the determination of vitamin A and carotene in the plasma, 
the method as described by iteCoord and Lnce-riausen was nsedd- 
^ ifamin A values arc expressed in F.S.P. units per eiibie centimeter, 
vhile plasma carotenoids values are given as I'.S.P units of equivalent 
'itamin A. Vitamin A concentration in tiio biopsied Iner tissue was 
measmed by Jloore’s technique.” Hepatic biopsy was performed at 



f-viwmin a suoy in obstructive jaundice 


Cuot and sevp^'^fi Tvoman with stones in the gall bladder and common 

Jther anestVipth. J““”dlce, had cholecystectomy and choledochostoray performed under 
U.S.P units cleared gradually after operation Vitamin A, 500,000 

''■tamin a intramuscularly at points R, T, V, and T FA indicates plasma 

carotenoids P. units per cubic centimeter, PC indicates plasma 

while PR eoiiais 4.1 as USP Mtamin A units per cubic centimeter, 

tissue bionsipN mlirubin concentration in milligrams per 100 c.c HepaUc 

at operation contained 91 U S A units of vitamin A per gram 


Operation by taking a wedge-shaped piece of tissue from the anterior 
oiaigin of the right lobe between hemostatic stitches. The specimens 
''eife led from 0.5 to 1,5 Gm. and the validity of this method of sampling 
os leen tested and described.’^ In no instance was hemorrhage or bile 
eaiage observed in consequence of the biopsy. In some eases hepatic 
wpsy n as performed early and again late in the course of the operation 
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vitamin A content of 331 U.S.P. units per gram, according to Grimm 
and Short.® Ralli and collaborators® reported an average value from 
similar material of 766 U.S.P. units per gram, with a rather wide varia- 
tion noted. They found much lower concentrations in cirrhotic livers, 
the avei'agc value being 137 U.S.P. units per gram, and in acute infec- 
tions accompanied bj' evidence of liver damage. Fox’® found concen- 
trations of 12 to 938 “blue units” per gram of liver tissue in native 
mine workers killed in industrial accidents, the average figure being 
297. Similar values were recorded by Moore.” All such studies have 
shovm wide variation in the post-mortem hepatic vitamin A content, 
even in the livers of individuals supposedly in good health prior to fatal 
trauma. 



RR- VITAMIN A STUDY IN OBSTRUCTIVE JAUNDICE 

p R a 60-J ear-old man with carcinoma of the head of the pancreas and 
Fig. 1 r “ ’ , -truction, had choicer stgastrostomj perfoimed under spinal an- 
complete oiuaii , ,„undice rapidlj cleaicd Before operation, at points niaiKed 

esthesia, ^fter u .ntramuscular injections of 500.000 units of vitamin A in corn 
B, T, U hUd y, ua } indicates plasma vitamin A concentiation in U S P. units 
oil vere S"®" ‘"'1 pn indicates plasma carotenoids concentration m eauivalcnt 

per cubic o vhile PB indicates plasma bilii ubin concentration in milli- 

U S P. vRitbUh A .iitamin A concentiation in the sample biopsied at opera- 

f.'o"aIei"n5Yo U fp. units pei gram 

the resent study an effort was made to determine the relationsliip, 

riloqina vitamin A and caiotenoids concentrations, and 
if nTiv between puisne _ , , , . , . 

. £ yitamin A in liepatic tiasue removed liy Inopsy during 

concentration 0 effects of administering vitamin A intra- 

surgical opeia i carotene and deo.xyelioleie acid orally to 

muscularly an ® ® ^ laundice were obserted, in relation to surgical 

patients v’lA obs subsidence of jaundice, 

release of oinau 
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tlie plasma A-ltamiJi A vahie was zero, and in four eases I'itamin A could 
not be detected in tlie hepatic sample. These data demonstrate that in 
obstvnetive .ianndieo the plasma may contain no A-itamin A, even though 
the concentration of plasma carotenoids is within normal limits, and 
vitamin A is present in the liver. 



MA- VITAMIN A STUDY IN OBSTRUCTIVE JAUNDICE 


^ 36-year-old man carcinoma of the head of the pancreas, 

on .V t^tmdice. and diabetes meliitus, had cholec.vsfffaatrostom^ done under spinal 
anesthesia, after which the jaundice subsided napidiy and insulin veauirements abruptly 
^_cuned._ At points marked i?. T, V, ir, and V dad} intramuscular injections of vita- 
JUllt . 500,000 U.S.P. units each, were Riten. PA indicates plasma \itamin A con- 
'®";t®pon in U.S.P. units per cubic centimeter. PC indicates plasma carotenoids con- 
iito- . expressed as U S.P. units of vitamin A per cubic centimeter, while PS 
P'^ma bilirubin concentration m milligrams per 100 ce Vitamin A concen- 
tration m hepatic biopsy sample taken at operation was 353 U S P. units per gram. 


Table TI 


Plasma adtd Hepatic Vitamin A A'alues i.v Patients With Obstructive Jackwce 
Not Seceiving Vitamin A Hefore Operation 


CASE j 

1 PLASMA 

HEPATIC VITAMIN A 

UNITS PER GM. 

CAROTEiVOinS 
UNITS PER C.C. 

VITAMIN A 
UNITS PER C.C, 

P. D. i 

1.1 

0 

57 

F. H. 

3.2 

0 1 

0 

M. B. ; 

1.9 

0 

79 

J. s. 1 

2..3 

0 


c. 

0.4 

0 

0 

it. K. 

1.9 

! 0 

307 

B. D. 

l.Ii 

0 

312 

E. Z. ' 



0 

E. B. ^ 

0.0 

! 0 

0 

Average ' 

1.6 

! h 

90 


By contrast. Table III presents the data from patients who )iad re- 
ceived large doses of vitamin A or carotene before operation. The first 
eight patients in the table received 500,000 U.S.P. units of vitamin A 
’ ' ' ily for three or four days immediately before opera- 
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on the biliary tract. Tlie vitamin A preparation*' given parenterally 
consisted of vitamin A in corn oil, and contained 500,000 U.S.P. units 
of vitamin A per cubic centimeter. Carotene was administered orally 
as beta-carotene in cottonseed oil, the material used having a potency 
equivalent to 7,500 U.S.P. units of vitamin A per gram.t 

Table I 


Pi.ASMA AND Hepatic Vitamix A Values in Patients With Chhonic Ciiole- 
cy.STiTis, AVitii Operation Under Ether Anesthesia 

Vitamin A not given before operation 


CASE 

1 PLASSIA 

HEPATIC VITAMIN A 

Uavits per gm . 

CAFvOTENOlDS 
UNITS PER C.C. 

VITAMIN A 
UNITS PER C.C. 

L. L. 

2.5 

1.0 

486 

M. M. 

2.9 

1.7 

109 

L. M. 

2.4 

0.5 

300 

A. D. 

0.9 

1.1 

35 

P. H. 

1.3 

1.1 

52 

J. V. 

1.5 

1.0 

33 

M. S. 

1.0 

0.9 

148 

A. B. 

0.8 

0.6 

74 

E. M. 

0.(! 

0.8 

.352 

B. B. 

1.2 

1.2 

417 

M. S. 

1.4 

1.3 

428 

M. L. 

1.0 

0,2 

25 

I. F. 

1.3 

1.4 

533 

Average 

1.5 

0.98 1 

230 


PRESENTATION OF DATA, AND COMMENT 

In Table I are shoivn values for concentration of carotenoids and 
vitamin A in the jilasnia and vitamin A in liver biopsy specimens from 
a group of thirteen patients undergoing cholecystectomy for chronic 
cholecystitis. Blood samples were taken just before induction of ether 
anesthesia, and hepatic biopsy Avas performed immediately after the 
peritoneal cavity Avas opened. The patients Avere Avithout eA'idence of 
active infection at the time. These data serve as control values in inter- 
preting the findings in patients Avith jaundice and liver damage. The 
wide range in plasma and hepatic vitamin A values is notcAvorthy. Dark 
dantation measurements Avere not made in this study, and although 
^ ‘ ^..^tients presented no symptoms or objective evidenee of vitamin 
A lack it is not certain that subclinical deficiency may not have been 

present in some instances. . 

T ble II shmvn rc.sults of similar analyses in a group ot nine 
dth obstructive jaundice of high degree. No carotene or 
patients aai patients preoperatively. Again, consider- 

vitannn / > ,,nfed in the plasma carotenoid.s, 

able fluctuation is noted 


but in CA'crv case 


Pr A m.'icR. of U"* nioloKiciil I. iLnratoiip." of M. U. SriiilbL 


TNindlv prepared by 
& Sons. ■ . - oral use rvns supplle.l by Rie.lel-,Io Haen. Inc. 

^ hpeoNTcboleic ac.d tor 
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effect on plasma values of earolenoids and vitamin A is seen as a result 

of such treatment. However, tliough much variation in 

A content is evident, hepatic storage of the vitamin 

As shown in case P. E., under these conditions very high 

of vitamin A may be present in the liver while the plasma concentration 

is still zero. 

The data of Table IV suggest two conclusions. Lengt i 
the biliary tract under ether anesthesia apparently produces littk or 
no change in hepatic vitamin A concentration. Furthermore, tlm vaMrty 
of the sampling method is supported by the finding of srmilai ^ ^ 

values in the specimens taken at the beginning, and again at en , 
of the operation. 



DAYS 


L.B.- VITAMIN A STUDY IN OBSTRUCTIVE JAUNDICE 


sione itnpactea at tne papiua oi '»>•>=* during tne pcuu.* 

choledochostomj and duodenotomi S®'"® #4 ind?S es 

Gm of carotene in cottonseed oil and 1 “®60 000 USP units PA So 

each daj. the Mtamm A equnalent cubic centimeter, 

Plasma Mtamm A concentration m tisp units of Mtamin ^ 

plasma carotenoicls concentration concentration m c p® units 

centimeter, and PB indicates Pla^sma biUiymn conce ^p^ration was 118 USP. units 
Vitamin A concentration m hepatic tissue oiop 
per gram 

In Pigs. 1, 2, 3, 4, 5, and 6 are shovm values for ^oneent.^on^ 
vitamin A, carotenoids, and bilirubin in the plasma before 
operation. Vitamin A, or carotene, was adminmtere Rpnatic 

In one patient, as shown in Fig. 3, inoperable obsHmction ^^ the hepatic 
ducts was eneoimtered and death resulted from liver failme and p 
monia ten davs after operation. In this ease the P ^ . , , 

remained zero despite the fact that a total of 2,000,000 U S.P. units had 
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Table III 

Plasma and Hepatic Vitamin A Values in Patients With Obstructive Jaundice 


CASE 

1 PLASMA 

HEPATIC VITAMIN A 
UNITS PER gm. 

CAROTEN’OIDS 

UNITS PER C.C. 

VITAMIN A 
UNITS PER C.C. 

P. H. 

1.0 

0 

688 

E. S. 

o.s 

0.5 

750 

P. E. 

1.1 

0 

1500 

L. C. 

0.4 

0 

136 

M. S. 

0.8 

0 

353 

I. F. 

1.7 

0 

91 

A. S. 

0.5 

0 

50 

J. 0. 

1.2 

0.2 

115 

E. M.* 

3.6 

0.9 

417 

W, W.* 

2.5 

1.2 

344 

L. B.* 

0.6 

0.5 

118 

Average 

1.3 

0.3 

413 


•These patients hatl received beta-carotene and deoxycholeic acid orally; the rest 
had received vitamin A parentcrallj'. 


tion. The last three patients tvere given 8 Gm. of beta-carotene in oil 
(vitamin A equivalent total 60,000 U.S.P. units) and 1 Gm. of deoxy- 
choleic acid daily for three to five days before operation. No striking 



to 


08 

30 

06 

^0 

0.4 

10 

C32 

0 

0 

MGS 

ua?" 
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woman with gallstones and inoper.ablo carcinoma of 

, T, C., a 59-ycar-oiu ' relieved by operation under ether ancstlicsia, 

h7Tti;,cts and liver, “An days after operation. At points It, T, V, and 

the I'ePal'H.r^failure and PhcVfsmuscularlv in doses of 300,000 U.S.P. units dally. PC 
died of h'OP g injected 'P^Tleentration c.xpresscd as U..S.P. units of vitamin A per 
V vitamin A ^ s concent ^ coneontration In U.S.P. iinlt.s per 

indicates indicates Pj^^Pj-snig bilirubin concentration In milligrams per 

cubic cen imeter, in hepatic tissue blopslcd at operation was 13C 

cubic entration of vitamin a 
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tlieless the plasma value retin-ned to normal only with subsidence of 
iaundicc postoperalively, and impx-ovcinont in liver function. 

lu two patients,. L. E. a.s shown in Fivr. ~k and K. M. as shown in Fin. 
6, plasma vitamin A was reduced at tiie time of o[ieration hut not 
entirely absent, and it is of intere.st that further decrease occurred im- 
mediately after operation. This event su.npests the parallel finding of 
postoperative decrease in plasma prothrombin in patients with obstruc- 
tive .jaundice” and snpplie.s fiu'ther evidence of the importance of 
hepatic function in the regulation of pla.sma vitamin A level. 

^ The data appearing in the illustrations dcmoii-strate that concentra- 
tions of plasma vitamin A and plasma carotenoids tend to vary inversely, 
a point which is particularly well shown in Fig. 1. Fitamin -1 and 
carotene were not given the patients postoperativeiy. and the decline in 
plasma carotenoids possibly depends on more rapid conversion of the 
provitamin with improvement in liver function. 

StWDURV 

Concentration.s of vitamin A and carotenoids in the plasma, and con- 
centration of vitamin A in bjop,sied liver .sampdes have been determined 
in the following groups of patients: 

1- Thirteen patients undergoing elioleey.stectomy for chronic chole- 
e.^stitis and cholelithiasis, without jaundice or evidence of active infec- 
tion, and not given vitamin A preopera^tively. 

2. Xine patients undergoing operation for obstructive jaundice of 
high degree and not given vitamin A preoperatively. 

3. Eight patients undergoing operation for obstructive jaundice after 
receiving large doses of \itamin A parenterally. 

4. Three patients operated upon for obstructive jaundice after re- 
ceiving carotene and deoxyeholeie acid orally. 

In six patients the liver was biopsied at the beginning and again at 
the end of operation on the biliarj" tree under ether anesthesia. 

Plasma concentrations of \-itamm A, carotenoids, and bilirubin were 
repeatedly determined before and after operation and are presented 
graphically from five eases in which biliai-y obstruction was relieved by 
operation, and in one case of inoperable carcinoma of the hepatic ducts. 

cosenvstoss 

1. Concentrations of vitamin A and carotenoids in the plasma, and 
concentrations of vitamin A in the liver vaiw considerably in patients 
'vith elironie cholecystitis, but a rough correlation between plasma and 
hepatic* vitamin A content is evident. 

2. In patients with obstructive jaundice not given vitamin A, plasma 
■'utamin A values of zero are common, though plasma concentrations of 
carotenoids may be normal. Vitamin A values in biopsied liver tissue 
likewise may be zero. 
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been administorcd iiitramnscidarly before operation. Since the biopsied 
hepatic tissue at operation contained vitamin A, tlie findings in this 
case suggest that plasma vitamin A concentration may be decreased 
as a result of impaired liver function, regardless of the piescnce oi 
vitamin A in the liver. The data shown graphically in Pig. 1 offer 
further sujiport to this conception, for despite the extremely high vitamin 
A content of the liver at operation, that is, 1,500 units per gram, never- 


Table IV 


Effpct of Oplratiox axd Ethfr Anesthesia on Hepatic Vitamin A Concentra 
T ioN IN Obstructive Jaundice 



iVniAIi HEPATIC 

PINAL HEPATIC 

DURATION OF 

c vsn 

VITAAflN A 

VITAiMIN A 

OPERATION IN 


UNITS PER GM. 

UNITS PER GM. 

MINUTFS 

A. a 

50 

50 

so 

J. c. 

115 

125 

70 

w. w. 

334 

278 

50 

.M. K. 

307 

312 

75 

B D 

271 


140 

1. F. 

91 

6S 1 

140 
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THE YALUE OF SKIN RESISTANCE STUDIES IN DETERMINING 
THE ACCURACY OF PROCAIIs’E INJECTIONS OF 
THE SYSIPATHETIC NERVES 

Harris B. Shuaiacker, Jr., JLD.. Baltdiore, 5Id. 

(From the Department of Surgery, the JoJina Hopl'ins Vniversity I 

pROCAINE in.feetion of the sympathetic nerves has become an in- 
valuable aid in the study of the peripheral circulation and in the 
treatment of certain vascular disorders. These injections are made 
after the skin temperature of the affected limb ha.s become stabilized 
through exposime to cold. If following the attempted sjunpathetic block 
there occurs a substantial increase in the skin tempeimture of the affected 
hmb, not only is a significant element of vasospasm and a good capacity 
of the vascular bed for dilatation demonstrated, but tlie efficacy of the 
procaine injection is proved. If, on the other hand, little or no elevation 
in skin temperature takes place, the question always arises as to whether 
the circulator^' difficulty is entirely due to obliterative arterial disease 
'vith no significant element of vascular spasm, or Avhether the operator 
has failed to achieve a satisfactory anesthesia. In the study of the 
upper extremities this question may be settled by the presence of a 
Homer’s sj-ndrome, but there is no similarly helpful sign in the stud.v 
of the lower extremities, in which almost all the eases of severe oblitera- 
tive arterial disease occur. There are, furthermore, occasions for 
therapeutic procaine injection or for procaine block preliminatu' to 
alcohol injection when it is either not necessary or perhaps even un- 
desirable to expose the affected part to a cold room temperature. It is 
apparent that any method which might help in determining the ac- 
curacy of sj-mpathetic injections would be a useful adjunct. 

It has been knoAvn for some time that the resistance of the skin to 
passage of a small electric current is very high in areas in which 
sjTnpathetic denervation has been brought about by operation.' Dr. 
C- P. Richter has been verj- helpful in outlining the denervated area 
m most of the patients whom I have subjected to .sjunpathectomy, and 
a definite correlation has been found between the area of high skin 
resistance and the level and extent of the operative pi'ocedure.' Similar 
changes are present after chemical section of the s.mnpatheties by means 
of alcohol injection. It occurred to me that the same changes would 
probably be present during the period of sj'mpathetic anesthesia follow- 
’Og procaine injection and that these studies would be helpful in de- 
termining whether an injection resulted in successful si'mpathetie 
paralysis. 

rneeting of the Societj- of Universitv Surgeons, Cincinnati, Ohio. 


949 



948 


SURQEEY 


3. Administration of large amounts of vitamin A parenterallj', or 
carotene and deoxycholeic acid orally before operation in patients witli 
obstructive jaundice is followed b 3 ’' the finding of normal vitamin A 
values in the biopsied liver specimen; rise in plasma vitamin A concen- 
tration, however, occurs more slowlj’', and maj^ dejjend on improvement 
in liver function as produced by release of biliary obstruction. 

4. Hepatic vitamin A concentration does not appear to change 
significantly during the course of operations on the biliary tract under 
ether anesthesia ; postoperative reduction in plasma vitamin A concentra- 
tion, however, is to be expected. 
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obtaining sympathetic anestliesia, as evidenced by failure to obtain a 
rise in skin temperature after the injection, and subsequent demonstra- 
tion of a fairly good capacity of the vascular bed for vasodilatation by 
other observations, including operative sympathectomy. Tins failui-e of 
sympathetic anesthesia was obvious because there Avas not the character- 
istic unilatei’al increase in cutaneous resistance Avhich AA-as observed in 

Table I 


CuTASEOCS EESISTANCE BEFORE AXD AFTER. ATTEMPTED SYMPATHETIC AXE-STHESIA 


KO. 

XAME 

CCTAXEOrS RESISTAKrE IK OHMS 

TYPE OF 

IKJECTIOK 

POIKT 


AFTER IXJECTIOX 

RIGHT 


right 

LEFT 

1 

E. il. 

Dorsum 

Palm 

1,500,000 

330,000 


1,000,000 

220,000 

T.H. 

T.H. 

Left dorsal 

2 

M. M. 

Dorsum 

Palm 

350.000 

100.000 


1,900,000 

T.H. 

210,000 

500,000 

Right dorsal 

3 

M. B. 

Dorsum 

Palm 

160,000 

T.H. 

ISii 

130.000 

270.000 

500,000 

3,350,000 

Left dorsal 

4 

C. B. 

Dorsum 

Palm 

T.H. 

100,000 

T.H. 

140,000 

T.H. 

T.H. 

T.H. 

400,000 

Right dorsal 

5 

C. F. 

Dorsum 

Sole 

350.000 

300.000 


950.000 

200.000 

T.H. 

1,000,000 

■"TiH: 

T.H. 

Left lumbar 

6 

D. F. 

Dorsum 

Sole 

390,000 

1,300,000 

570,000 

1,200,000 

290,000 

1,100,000 

Left lumbar 

7 

I. R. 

Dorsum 

Sole 

3,500,000 

600,000 

3,100,000 

300,000 


Mi 

Right lumbar 

8 

F, N. 

Dorsum 


500,000 

1,400,000 

T.H. 

Left lumbar 

9 

S. G. 

Dorsum 

Sole 


IM 

T.H. 

T.H. 

mm 

Right lumbar 

10 

I. E. 

Dorsum 

Sole 

720,000 

1,700,000 

iiis 

T.H. 

650,000 


Right lumbar 

11 

C. B. 

Dorsum 

Sole 

300.000 

500.000 



T.H. 

T.H. 

Left lumbar 

12 

6. C. 

Dorsum 

Sole 

2.400.000 

2.700.000 

fi 

T.H. 

T.H. 


Right lumbar 

13 

R. B. 

Dorsum 

Sole 

890.000 

600.000 


T.H. 

T.H. 

1,000,000 

400,000 

Right lumbar 

14 

S. il. 

Dorsum 

Sole 

520.000 

890.000 




Left lumbar 

15 

“Te” 

L. S. 

Dorsum 

Sole 

790,000 

3,000,000 


T.H. 

T.H. 

1.930.000 

2.100.000 

Right lumbar 

P. C. 

Dorsum 

Sole 

1,700,000 

600,000 



2,000,000 

480,000 

Eight lumbar 

17 

~T8~ 

P. E. 

Dorsum 

Sole 

1,100,000 

T,H. 



T.H. 

2,000,000 

Left lumbar 

M. H. 

Dorsum 

Sole 



^9 

T.H. 

T.H. 

Left lumbar 

19 

P. D. 

Dorsum 

Sole 

160,000 

580,000 



600,000 

1,650,000 

Left lumbar 

20 

~ZT~ 

T. S. 

Dorsum 

Sole 

Leg* 

T.H. 

T.H. 

1,500,000 

T.H. 

T.H. 

1,000,000 

Bi 

T.H. 

T.H. 

T.H. 

T.H. 

T.H. 

Left lumbar 

s. c. 

Dorsum 

Sole 

191.000 

750.000 


2,900,000 

T.H. 



•These readings were made with kaolin paste on the electrode. 
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METHOD AND EXPERIMENTAL OBSERVATIONS 


The limbs to be studied were exposed in a cool room, generally about 
20 C., until the skin temperature had become stable. During this period 
a number of observations of cutaneous resistance ivere made with a 
machine similar to that described by Levine.^’ " This macliine permits 
one to measure tlie current passed through the skin and the number of 
ohms resistance offered by the skin to passage of the current. A zinc 
electrode covered with kaolin paste is fixed to the lobe of one ear at a 
site where tlie skin has been punctured with a needle. The other zinc 
electrode is applied to the .skin of the limbs being studied. The operator 
becomes adept in holding the electrode against the skin ivith approxi- 
mately the same amount of pre.ssure and for approximately the same in- 
terval of time during each reading. The potentiometer knobs are turned 
until the galvanometer which serves as an ammeter registers passage of 
exactly two microamperes. Tiie other galvanometer, -wliieh is used as 
a voltmeter and which measures the voltage necessary to send through 
this amperage, is calibrated so that the number of ohms resistance can 
be read directly. Accurate observations of skin resistance can be made 
up to 3,800,000 or 4,000,000 ohms. Higher values cannot be read ac- 
curately and in the records and figures are recorded as too high to be 
read (T. H.). At least one point on the dorsum and one on the palm or 
sole were selected for reading in each patient, the points being the same 
on both hands or lioth feet. These sites for resistance readings were se- 
lected where the resistance was not high, and in order to obviate inad- 
vertent change in the point of reading, each was marked with a skin 
pencil. Generally the needles through which the procaine was injected 
/were left in place until the skin resistance in the ipsilateral hand or foot 
had begun to increase substantially, indicating that an effectual block 
was being accomplished. 


Studies were made upon twentj^-onc subjects. These were patients 
with various types of peripheral vascular disorders : Raynaud ’s disease, 
Raynaud’s disease and arthritis, Buerger’s disease associated with vary- 
ino- degrees of vasospasm, peripheral arteriosclerosis with and without 
accompanying vascular .spasm, acute thrombophlebitis, thrombophlcbilic 
“ ,elae traumatic reflex edema and causalgia, and vaso.spasm and cal- 
^^^'^'sis Fom' patients subjected to upper dorsal sympathetic block's, six- 
to lumbar sympathetic blocks, and one to spinal anesthesia wci-c 
I Tn Table I are recorded the skin resi.stance values before injec- 
sUidiec. ^ jiftei- injection when the difference between the two 
tion anc ^ ‘ cverv instance the study of cutaneous resistance 

limbs was whether the injection produced satisfactory 

was helptn m n-cre sncccisful .uid woe accom- 

anestbcsia. ai .i _ ^-oslstanco on the side on whicii the injee- 

paiiied by (Case 1'" the operator was unsucccs.sful in 
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Fig. 3 is shown for comparison a chai’t of the changes in skin tempera- 
ture and skin resistance after spinal anesthesia in a young man with 
recurrent migrating phlebitis and vasospasm. In all three instances the 
rise in skin temperature of the ipsilateral foot Avas adequate eAudenee of 
the efBcacy of the sympathetic injection. In Fig. 4, hoAvever, the record 
is charted of a patient in AA’hom it AA'ould have been impossible Avithout 
the skin resistance studies to knoAv AA'hether a good sympathetic block 
had been obtained. The failui'e of the skin temperature to rise 



significantly might haAm been due to the inability of the A'aseular bed 
to dilate, or it might have been due to failure in producing successful 
sjTnpathetie paralysis. The prompt increase in sidn i-esistanee on the 
injected side gaA’e eonA'ineing proof that the former was the case. In this 
series there were a number of other instances in Avhich little or no rise 
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Other instances. In each patient subjected to a dorsal block distinct 

both sHn reV significant rise in 

notli skin resistance and skin temperature. 



Fig. 1. — Chart showing rise in sKm lesistance and skin teniperatme in the 
ipsilateral foot following light lumbar s.i nipathctic block (Case 13) Postphicbitic 
ulceration, edema, and vasospasm. 


In Pigs. 1 and 2 are charted llie cJianges in skin resistance and in 
skin temperature in two patients who showed the customary increase in 
skin resistance following procaine block of the lumbar sympaDielies 
and who also responded with increased warmtli in the foot.® One was a 
patient witli postplilebitic edema, ulceration, and wasasjiasni, tlie other 
a patient witli peripheral arteriosclerosis and periplieral nourilis. In 


' I, , „r„i m the other cases charted, changes In the temperature of onlv a 

s ie are recorded for the sake of simj.iicit) In all cas.s? i|-ow - 
single digit each hand or foot arc nlwajs itudlpd In addition I alwajs 

e\er. several diolts j,(,]c3 of the fiet. I feel tliat siicli mulllplt ri.idliigs 

record temperature cn.iifc ^^ be no rise In temperature of ttie grr it toe 

arc vcr>- I'hPOft.mt. =omi. response In tlie other to( s and the sob. If only 

whereas there wiU be an conclude tliat no improicmcnt could be rvpicted 

the great toe were sUidiea matter of fact decided Imprmemcnt could be an- 

front sjmpathectoml -s' hen 
ticipated. 
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demonstration of the unilateral inei’case following effectual sympathetic 
block. Generally the initial skin resistance in both feet or both hands, 
and the final values on the uninjeeted side were relatively low compared 
with the very high values present after sympathetic anesthesia was ob- 
tained. Occasionally the values were rather high, as in Cases 12 and 15, 
but still the differences after sympathetic injection were striking. Some- 
times when the initial values were rather hish, as in Case 7, as the 



III ^ — Chart shoi^ing: rise m ^Kin le'^jstance in the ipsilatf^ral foot follon'inir left 
nirathetic block vn a patient m whom there x\as no increase m skm tempera- 
lure. Case 8 Diabetes, arteriosclerosis, ganpiene of toe 


study progressed tlie .skin resi.stance in the unanosthetized limb fell in 
such a way a.s to make the dift'erences very great. In Case 17 the skin 
resistance remained rather hieh on the hack of the right foot and too 
high to read on the riuht sole. The low' .skin resistance on the loft foot, 
iiowevcr, gave way to very high values after left lumbar sympathetic 
block was accomplished, and there was no difficulty in interpreting the 
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in skin temperature occurred and in which, without the resistance 
studies, one would have wondered whether the sj^mpathetic block liad 
been completely or partly ineffectual. 

The resistance of the normally innervated skin is lowest when the 
patient has been warmed by exposure of the body in a hot-air cabinet 
and when sweating is active; it is much higher when the body is cold. 
For this reason the skin resistance studies which are carried out on 



vasospasm. 


athectomized patients have been done iiniticdiafely after the patient 
n heated in a cabinet. Witli sueli tn-eparation any al)normally 
Hn resistance is more .significant and the atleetod area can be Jnore 
7 tUned because the resistance in the normally innervated ai-eas 
sharply ou pre.^ent invest ical ion was begun this matter afforded 

is so low. ' f I- I was not .sure wliethei- the skin resistance in a 

me some he .sufficiently low to i)ermit a elear-eiit 
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It lias been my feeling that the more accurately the tips of the needles 
are placed in close proximity to the sjonpathetic ganglia, the quicker the 
occurrence of the rise in skin temperature in the hand or foot, and I be- 
lieve that in general this is the'* correct explanation. Oceasionallj-, how- 
ever, the rise in skin temperature is extremely tardy*' and such occur- 



, .P'S 5. — Showing the area of high skin resistance m the ipsilateral extremity 
following left lumbar sympathetic block. The shaCed area represents the area in 
which the skin resistance was too high to read Case 18. Arteriosclerosis, left 
popliteal thrombosis. 

renees have been very puzzling to me. Case 9, which is charted in Pig. 
6, is an interesting example. It will be seen from the rapid and 
significant rise in cutaneous resistance that the sj'mpalhetic injection 
was made accurately and that prompt anesthesia resulted. It was almost 
an hour, however, before any rise in skin temperature occurred. Once 
this began the temperature rose rapidly to a normal level. Operative 
sympathectomy was similarly followed by great increase in warmth. 
Why there should be such a long delay in the rise in temperature of the 
foot after effective sjmipathetic anesthesia I cannot say. It is hoped tliat 
additional observations of similar reactions may throw some light upon 
this interesting problem. It should be noted that there is generall3' a lag 
of some minutes in the beginning of ilse in skin temperature after tlie 
skin resistance lias begun to increase, as is to be e.xpeeted since increased 
heat is an effect of vasodilatation and not an instantaneous reaction. 

- this reason I always make obsen’atlons of temperature for at least an hour 
alter injection, even when no Increase occurs. 



PUKOKRY 



^•e.sistIlIl(•(' sliulies ns indicalivo of nii cnVcIiml Idock. Dm-iii" flic syin- 
]>iil li('t ic iiiicst liosin in this cn-so llio (lorsiiin of (“ncli foot was pxploi’Cfl 
('Xlonsivply M-itli tlip oloctrodp. Only ono i)oinf M-ns found on flie left 
foot where (he slciti resisfnnee was low eiioufrh to ])oiani( one to obtain a 
rendinu:, whereas the values on the unancsihetixed rinht dorsum were 
everywhere low enounh for rendiii'r. In Case A the resislanee of the 
ilorsal surfaee of ho(h hands was loo hifrii to he read, hut study of the 
resistauee of the ])alins jinve adequate information. .Similarly in Case 8, 
the skin resistauee on tiic .soles of both feet wa.s too hifih to read, hut 
satisfaetory information eould he derived from measurements on the 
dorsum (l‘''i.!r. 4). Only in one instanec did hifrli values offer real diffi- 
culty. This was the ease of a patient with severe peripheral arferio- 
.selerosis and diahetie neuritis (Ca.se 20). Tlie skin resistance of both 
feet was ton Ini'll to read. Althoutrh my studies were not eomplete 
enoufih to permit me to ho certain, I feel that tin’s was an instance of 
.sympathetie denervation which had occurred in the eoui’se of her disease, 
similar to ea.ses which I have reported.^ Even in this instance I was 
aide to ohlain confirmation of the cffieacy of the s.vmpathetic in.iection 
by studyinp: tlie skin resistance of the legs, which was somewhat lower 
than that of the feet, with kaolin on the electrode, a procedure which 
lowers the readings. After in,icction the rending M-as 1,000,000 ohms on 
one leg and too high to read on the other. Tlie patient was then warmed 
with hlankets and hot water bottles and the same difference was found 
where one used the plain zinc electrode without kaolin. TJie s.vmpathetic 
in.icction was not attended h.v ri.se in skin temperature, nor did any rise 
occur after a posterior tihial block was carried out as a check. 


Case IS illustrates another possible application of the method. This 
patient, who had severe iieriphcral arteriosclerosis and a recent popliteal 
thrombosis, was studied without skin resistance measurements. No rise 
in skin temperature followed paravertebral in.iection of procaine, and 
it was important to Iniow whether a good s.vmpathetic anesthesia had 
been obtained. Ecadings of skin resistance were then made and they 
confirmed the efficacy of the block. In this patient one could outline the 
entire extremity as having resistance too high to read, ivliereas the 
'■dues oil the contralateral limb were nnich lower. In Pig. 5 this con- 
■ shown The area of high skin resistance is of the same extent as 
11 "t fmuid following first, second, and third lumbar ganglionectomy.' 

' ■ of procaine had been made at the level of the first and second 
In.icctions^o g^ges the area of s.vmpathetic anesthesia 

ganglia- n ‘ similarly, but not infrequently the readings on the 
could be on ^ permit sharp outlining of the extent of anesthesia, 
thighs were oo e were to warm the patient sufficientl.v 

IJndouhtedl.i one co i-csull sliould ever appear 
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The artificial fever of tj^ihoid vaccination^ is no longer employed as a 
test since more satisfactory methods have replaced it. The observation 
of temperature changes in cooled extremities when the body is warmed 
by a hot-air cabinet,'^ b.v wrapping in blankets and nibber sheet,” by 
electric pads, or by diathermy over the lumbosacral area’’ is a simple 
and helpful test. Similarly useful is the immersing of the other extremi- 
ties in warm water.® I sometimes use such bodj’-heating tests, especially 
when it is desirable to studj’- vascular spasm both in upper and lower 
extremities at the same time. If good vasodilatation does not occur, how- 
ever, I feel that it is neeessar.v to cheek the matter by direct sympathetic 
injection or some other test. General anesthesia can be used to demon- 
strate the presence or absence of vasospasm® but is not ordinarily 
advisable vmless anesthesia is necessary for some other purpose. Spinal 
anesthesia is similarly useful®* but must be restricted to good-risk 
patients who are hospitalized. It is particularly useful in those eases 
where it is important to study both lower extremities. A satisfactory 
test is the stud}’ of the temperature changes in the area innervated by a 
peripheral nerve after its effective block with procaine.^’ I frequently 
employ this test. It should not be used if there is an area of infection 
or gangrene adjoining the site at which the injection must be made. In 
many respects, however, the ideal test is the direct blocking of the s}Tn- 
pathetic nerves with procaine.”* ” It has the advantage over aU the 
other methods in that it permits one to study the effect upon pain of 
direct interruption of the S}Tnpathetic nerves, and I feel that it should 
always be employed when pain is present. Once complete s}Tnpathetic 
anesthesia is present one can study, in addition to the element of vaso- 
spasm and the vascular capacity for dilatation, the effect upon resting 
pains of aU sorts, cutaneous hyperesthesia and tenderness, and inter- 
mittent claudication. 

In general, one can judge very well by these preliminary studies what 
operative interruption of the s}Tnpathetics to a limb wiU accomplish. It 
has been my experience that the principles laid dorni by Morton and 
Scott^® are fundamentally correct : Namely, the nearer the temperature 
of the previously cooled limb rises to the level to which a normal limb can 
be brought by the same test, the greater the improvement in circulation 
that can be obtained from s}Tnpathectom3*. Where the operative results 
are not those anticipated from the preopei’ative studies, the variation 
is always toward a greater improvement than was anticipated. In recent 
years there has been a tendency to try the operation in some selected 
cases which formerly w*ould have been considered unsuitable. Some 
patients in whom the preoperative sjunpathetic injection had brought 
about little or no rise in skin temperature have been s}Tnpatheetomized 
with surprisingly good results, although commonly such patients have 
shown little improvement. One wonders whether in many of these cases 



DISCI •S'<ION 


Diiniiiislicil pcrii)licral circnlatioii may lie due to owhisioii of 

vessels, to vasosiiasm, or to a (•oml)inatioii of the two. Tlie detenniiialioii 
of tlu' eatem)!.'’ in wliieli eaeli ease helonir.s and the dufrree of vasosi)asm 
l)resent is not only lielpfid in sortiiifront tlie i)erii)hc‘ra] vasenlar disea.ses 
hilt is essential to their rational Ireafnient. 7'herc' is no way of rcstoriii" 
lilood How throinrh obliterated arteries, hot there are effeetive means 
of releasing vasenlar .s]iasni. There are a nnmher of useful tests for 



vasoconstrictor impulses, depending either . 
ill some indirect manner or upon interruption 

ease of , I,,, anesthesia. The effect • 

sympathetic « I « ^ >1 temperature. These , 


upon 


- 

(■ iniinilses o.v aiiesmcsju. is usually noted bj' 

ympatiic ic temperature. These observations may be 

H'vation of pletbysniograpby. oscillometry, or plethysmo- 


iplemeiited - 

ipbic blood flow studies. 
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SUiOTABY 

The use of skin resistance studies in determining the accuracy of sj-m- 
pathetic injections is described, and the value of this procedure is dis- 
cussed. 

The author wishes to exoress to Dr. C. P. Richter. Mrs. B. G. WoodruiT. and Miss 
SI. Ascherfeld iiis appreciation of their cooperation in the skin resistance studies. 
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till* iiioniisiHlc'iicy may Iio due lo a jioov syinpntlictic proeainc injection. 
'I’iio use of s-kin re.sistanee sfiidie.s durinfr the jiroliminary .sjaniiatlielic 
Idoek should helji to answer tlii.s very iinjiorlant (jup.stion, 

I do not think tliat skin resistance .stndio.s will lie nccossaiy as a prac- 
tical measure in all .sympathetic injections. Certainly in studyiii" upper 
extromitie.s one rarely necd.s this additional aid, as the efficacy of the 
hloek is ordinarily evident from the Horner’s .syndrome and from the 
rise in skin temperature in the hand. It will he particularly helpful 
in lumhar sympathetic injections and c.spceially in those eases in which 
it apiieai-s likely that the eireidalory deficiency is largely due to oblitera- 
tive disease. T think, also, that such studios shoidd he earried out for 
investiuative purpo.se.s in a very lar<re number of eases of sympathetic 
injections. From such a study one mi<rht he able to evaluate better 
the prooperative studies and the postoiieimtivo results in i-cgard to im- 
provement in eireulation, sinee one would know with eertainty whether 
the .sympathetie injection had given good ane.sihesia. It would help to 
elueidate such ])rohlems as the delayed resiionse which was discussed 
in eonneetion with Case 9. It is not at all unlikely that other questions 
might also be answered. 


In addition to the sympathetic injections done in order to evaluate 
vaseular capacity or pain and the aid which might he anticipated from 
.symjmtheetomy, such injections are helpful in treating certain disorder 
and arc essential in loealizing the needles before introducing alcohol 
where a more permanent chemical .sym])athetic interruption is desired. 
Excellent results are being obtained from single or repeated injections 


of the sjunpathctic nerves in acute thrombophlebitis,’^ traumatic reflex 
edema, causalgia,’” frostbite, and other vascular disorders. Procaine and 
alcohol injections are very helpful in assuring maximal vasodilatation 


before operative attack upon certain vascular lesions such as peripheral 
arterial emboli and aneurysms.’® Alcohol block of the upper dorsal 
svmpathetics is proving very useful in relieving pain in angina pectoris.” 
In many of these instances it is not essential that the affected extremity 
be cooled to the point of stabilization of skin temperature before injection, 
nd sometimes such cooling is banuful, but vitliout such exposure of the 
V ' b to cold there is always some chance for error in interpreting skin 
™ • ture changes as indicative of sjnnpathetic anesthesia. Further- 

temp Qjteii desires to ean\v out such procedures in operating or 
more, one .^yjiich cannot be adequately cooled for the usual skin 

treatment loo ^ study of the cutaneous re- 
tempera tuie jjjjd accurate information as to the efficacy of 

sistance ivi gi'® Section Of course, the warmer the patient is at the 
the sjmrpathetic mDe ^ clear-cut will be the difference in cutaneous 


. .r.rf,TnT>t and accurate iutuiuiu 
sistance vdll Of course, the wan 

the sj-mpatheUc niDe ^lear-cut will be th 

time of and uninjected sides, 

resistance on the mj 
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Examination — ^Height, 171 7 cm , weight, 79 C kg , temperature, 37° C , pulse, 
106; respiration's, 20; blood pressure sjstolic 126, diastolic 80 The patient was 
well deieloped and nourished. He was cooperatne, but excited, and obviouslj 
acutcl) ill His skin was clear, his ejes markedlj prominent with lid lag, pupils 
reacted normalh, and fundi were clear. The mucous membranes of the nose, pharynx, 
and mouth were clear. There was bilateral, 'oft, nontender enlargement of the 
thyroid, which moied upward on swallowing A bruit was present over the thyroid 
and there were visible forceful pulsations oier both carotid lessels His heart was 
rapid, regular, with normal sounds He had pitting edema of both ankles Hemo 
globin was 13 5 Gm.; leucocyte count, 5,000, urine, negative, Wassermann reac 
tion, negative, nonprotein nitrogen of the blood, 34 mg. per cent; basal metabolic 
rate +30. 



Eig 1 — Shows febrile response to iodine becoming marked on the sixth day and 
extending through the eighth day Immediate return to essentially normal temperature 
at withdrawal on the ninth daj 


The patient was gi\en Ice Lugol’s solution orally three times daily, supple 
mented bj 1 c c sodium iodide w ith 500 c c of 5 per cent glucose mtravenously'. At 
night he was giien 0 1 Gm phenobarbital He was on a high caloric diet, and 
had complete bed rest m a single room 

After five dajs of comfort, he complained of sore throat with corjza and con 
junctivitis the following daj Shortly after there was profuse sweating, increase in 
restlessness, and apprehension His temperature increased with each four hour 
period to 38 8° C during the second day of symptoms Within twenty four hours 
howeior, his condition was alarming, with exacerbation of the symptoms already 
present augmented by diffuse itching, a macular rash on most of the body, and 
feicr of 39 6° C. 

The similarity of the rash to that of chronic iodine poisoning suggested the nature 
of the disturbance All iodine solutions were immediately canceled. Rest was ob 





Phuti'TON O’ui'TUJ,, iAf.D., I{ocin-STr.u, N. Y. 

(Vrom Ihr PriHirtmenl of Surprry, Slronp Mepwrinl Jlospiltil. the 
UMvnsity of jtorhexter) 


IT IS widely ace.ejiled liy surf'cons tluil iodiiu; for liu; treatinciit of toxic 

goiter IK entirely iuirinless. This iicliof pvcviiils regardless of the 
niuneroiis instnners, some serions, which occur during treatmcnl in 
medical clinics. 

Barker and Wood' fir-sf specifically studied 400 ca.se.s for unfavorahle 
felirile reaction following oral iodine medication in toxic goiter. In this 
series there Avere 7 case.s rvitli mniuestionable symptoms during the first 
four to ten days of use. At first appeared redness of the mucous mem- 
hruue of the throat and nose, with con;iune,tivitis, temperature elevation, 
spiking in type, from 100® to 104° F., followed by sweating, itching, 
and macular rash of most of the body. However', with complete Avrth- 
drawal of the iodine, symptoms rapidly disapjrear, except for minor 
febrile reaction for one to three rveeks. 


On the other hand, one patient developing iodism on the third day of 
administration of 3 c.c. of comjround solution became markedly rvorse 
when the dosage was doubled. There rvas spread of the rash, desquama- 
tion, and hemorrhage into the palate." Later complete withdrawal of 
iodhre, and the irrsliUrtion of vigorous supportive measures failed to 
alter his course which terminated orr the twenty -first day. 

Necropsy showed “the skin eovei'cd with macular-papular desquamat- 
ing rash.” The thyroid Avas “enlarged, firm, dry, Avith many gray-Avhite 
opacities.” The lungs Avere “congested, Avith patches of lobular pneu- 
monia. The Ij'mph glands, spleen, liA-er -were enlaiged, and miero- 
seopically shoAved miliaiy inflamniator3’- perivascular lesions ’ ’ Avith areas 
of central necrosis. 

Previous to the present illness, fiA’e of these seA'en patients had taken 
iodine AvithoAAt untoAvard sjTuptoms, and subsequently, after an interval 
of months, again tolerated it Avith benefit. 

T L D 40-ycaA'‘’F male, presented himself April 30, 1941, because of nervous- 

^ R liad been well until four weeks before, wbeu be bad a severe upper respira- 
11 'Lllowcd by extreme weakness. Shortly after he was jittery and his 
tory cold, o refuse sweating, polydipsia, and anorexia. He was irritable, 

hands shoo,, • viork or concentrate. He lost ten pounds in weight, and 

apprehensive, unab^^ Ayspaca, and swelling of the ankles. 

for two neehs ^ ^ Aouble goiter treated successfully by oral iodine. 


At 19 yefiAS of He enjoj-cd his work, had good friends, 

otherwise he bsd aiwj 

etin& ot Society of Unh^ersity Surgeons, Cincinnati, Ohio, 
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were many small, closely packed acini containing only slight amounts of vacuolated 
colloid. They were lined by hyperplastic columnar epithelium that was redundant in- 
to the lumen. Many groups of small lymphocytes were scattered about. 

At home his condition rapidly improved with gain in appetite and weight. After 
One week, however, he developed quite a marked inflammatory reaction in the left 
side of the draining wound of the neck, accompanied by pharjuigitis. These condi- 
tions responded readily to treatment. 

The sinus remained even after he was apparently well, and at infrequent intervals 
extruded spontaneously a silk ligature. At the end of three months, however, he was 
at his work six days a week, with normal vigor and enthusiasm for this and his pri- 
vate life. A moderate degree of exophthalmos persisted. 

There are three types of unfavorable reaction of the individual from 
contact with iodine. With prolonged use of small amounts a macular- 
papular dermititis develops which progresses to bulbous and ulcerative 
lesions if continued. Again certain persons have an intrinsic, marked 
cutaneous sensitivity resulting in diffuse eridhema and swelling if iodine 
comes in contact with the nonnal skin. Barker and Wood observed one 
patient with cutaneous reaction -who also had had a febrile manifestation 
from oral administration, but at a later date was free from both. One 
patient has been observed whose arm became red and swollen throughout 
from application of iodine for vein puncture. Lastly, those persons who 
have what appears to be true allergy to iodine. There is early and 
iTolent reaction manifested by mounting fever, irritation of all free 
mucous surfaces, dermatitis, and nervous irritability. Symptoms disap- 
pear rapidly on cessation of iodine, but under forced continuance may 
become serious or fatal. 

In aU eight cases reviewed, barbiturate of some form was used con- 
current with iodine. However, this would not seem to have a direct bear- 
ing for phenobarbital was continued one week following the relief from 
iodine in this ease. 


COKCnUSIOKS 


1. Certain patients with toxic goiter are .sensitive to oral iodine. 

2. Symptoms of iodism occur early and progress if the drug is con- 
tinued. 


3. The continued 
is dangerous. 


use of iodine where there has been a febrile re.sponse 


4. The basal metabolic rate is atfeeted normally by iodine in persons 
showing a febrile respon.se. 

5. Operation is possible after relief of iodism. 

6. Seven cases of iodism in toxic goiter were found in literature and 
one added. 


REFEREXCES 


2 w. B., Jr.: J. A. M. A. 114; 1029, 1940. 

C%homas PublBber^'^" Treatment of .Sj-pbiHs, .Springfield, HI., 1933, Charles 





or.i 


liiiiicd l)j- iiKirpliiiio, O.nin (im. wry four liniirs, nn<l 2,000 c.c. IfinRcr’s (.oliition 
\Mi*( (liven eulMMitnnemi'-ly. Witliiii eicht limirn of cessalion of ioiiine, (lie patient was 
free of ileli, fi-ver Inn! fallen from .'in.li” to .'!r.5‘’ C., and pulse dropped from JIO 
to 110. 

ri(,'. 1 illn-lrate- tlie ri'-in(? teinlierntiire on tlie sixtli, .sevcntli, and ci(,ditli days of 
Iiosjiiialiration eonenrreni «itli the ap|iearnnec and exaeer])ation of symptom". Tlierc 
^^a^ a sharp, erisislike droji at midni(;1it of the eiplitli day. A liasnl rale taken on 
the .seventli day wa.s -f20. 

llnrino the next four day.s the patient wn.s given daily ],000 c.c. of o per cent 
glneose intraNcnonxly, witli 1.000 to 2,000 c.c. Itingcr’s solution sulicutaneousl.v, and 
siitlieient morphine to obtain rest. 



On the tliirteenth day of hospital care a riglit hemitliyroidectomy was performed 
•itliout difficulty or reaction, using avertin— gas-oxygen anesthesia. There Was. 

finilv afternoon febrile reaction to 3S° C. and difficulty in swallowing 

Ijo\vcvcr% liii**^* 

tlirnnt The intravenous glucose also was eontinued, augmented by Suf- 
fliiO to SOrC illi'jm* 

Einger's solution to make the parenteral fluids 3,000 c.c. daily. Seven days 
removed with moderate reaction but no evidence of post- 
later 10 noted at the second operation that healing was less 

oporati'O s richt side than expected. There was considerable serum without 

advanced on > flaps were edematous. Five days later considerable serum 

flbrin and the s on angle of the wound. Streptococcus hemolyticus 

escaped rvere cultured from this sinus. There was, however, little 

and Staphylococcus change in his general condition which continued 

local inflammatory eleven days after the second operation, 

to improve. Se was ^^j^igyed thyroid showed diffuse symmetrical enlargement. 
Examination of t m ^ ^ ^ rpjic texture was regular and the cut surface 


• ^ 

each lobe measuring ' ^veighed 50 Gm., the left 40 Gm. Microscopically there 

homogeneous. Therigi 
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Eesection of the horizontal ramus of the jaw likewise causes no serious 
functional derangement. When the mandible is removed from the angle, 
or slightly above it, to the midline, there is a moderate inward sag of the 
soft tissues, Avhieh causes some facial asymmetry. This is accentuated 
by the projection of the cut end of the mandible near the sjunphysis. It 
is greater in those instances where the submaxillary gland and lymph 
nodes must be removed with the bone. Opening of the mouth is not 
restricted, but there is a shift of the jaw toward the lost side. As it is 
usually not practicable to wear a denture, mastication is not normal. 
Nutrition, however, can be satisfactoril5r maintained even for those en- 
gaged in rather heavy manual labor. Swallowing is not affected. Speech 
is at first blurred due to loss of teeth, loss of sensation, loss of some 
control of the lower lip on the resected side, and disturbance of the 
anterior muscular attachments of the tongue. This improves rapidly 
and in a few months is nearly normal. In these individuals the final 
speech is usually about that of an edentulous person. 

Unlike resection of the ascending and horizontal rami, removal of 
the anterior, midline projection of the mandible results in marked func- 
tional disturbance. If the bone be removed from canine to canine there 
is a shrinking inward of the remaining halves of the mandible. This 
destroys the normal occlusion of the teeth, reduces the space in which 
the tongue can function, and produces noticeable deformity due to loss 
of support of the soft tissues of the chin. I believe that in order to pre- 
serve satisfactory function symphysis, losses of the mandible should be 
repaired by bone graft. If possible, this should be done at the original 
operation. However, this is rarely feasible, as in most instances the oral 
cavity is connected with the wound. In these instances it is best to main- 
tain the horizontal rami on either side in normal relations by interdental 
fixation and as soon as soft tissue healing permits, insert a bone gi’aft. 

If a considerable amount of mucosa is removed with the jaw in any 
of these areas severe functional disturbance may occur. This is due to 
the inevitable contractures that develop as the wound heals. In ascend- 
ing ramus resections with excision of mucosa near the angle, inability 
to open the mouth is liable to be the end result. After wide excisions of 
mucous membrane covering the horizontal ramus, the tongue is liable to 
be drawn forward as contracture occurs, until it protrudes from the 
mouth. This happens when the excision is forward. If the mucous 
membrane excision is lateral to the tongue and extends up onto the 
cheek it may be drarni downward and laterally. Closed bite seriously 
interferes with nutrition, since a more or less liquid diet is all that is 
possible. Contraetui’es displacing the tongue affect both speech and 
swallowing. 

INDICATIONS FOR RESECTION 

Tteference to resection of the lower jaw means the removal of a com- 
plete segment so that there is no bony continuity remaining. In a num- 



FUNCTION OF THE LOWER JAW FOLLOWING PARTIAL 

RESECTION 


Foimi,KT VouNG, 5I.D., Rociii-stkr, N. Y. 
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of Jtochcster, School of Medicine and PcntislryJ 


ruNCTiox-or tiik lowkr jaw 


T he lower jaw has multiple functions. These may be divided into 
.support and movement. 

The mandible is a hoop-shaped bone anatomieally divided into three 
areas: the ascending rami, the horizontal rami, and the region of the 
symphysis. It acts ns a point of attachment for a number of muscles, 
most of which are concerned with moving the jaw, but a certain number 
act from the mandible as a fixed point in moving the tongue. 

Movement of the lower jaw is cpiitc complex and takes place in the 
temporomandibular joints which ar-c combination hinge, ball and socket, 
and gliding mechanisms. The construction of these joints is .such that 
the lower jaw can open and close, glide forward and baelcivard, and 
swing from side to side. 

As a stationary bone tiie mandible supports the musculature of the 
face, maintains a space within which the tongue can function, and with 
the attached teeth is the structure on which the lips and tongue move 
in speech and deglutition. 


DISTURBANCES IN FUNCTION FOLLOWING PARTIAL LOSS OP THE JIANDIBLE 


It would seem from the nature of the functions which the mandible 
performs, that significant losses would seriously disturb function. It has 
been mr experience that this is not necessarily so. Ratlier large seg- 
ments of the mandible can be removed without seriouslj" inconveniencing 
or disfiguring the patient. The loss of function which results depends 
upon the area of jaw removed and whether or not mouth lining must 


be sacrificed. , 

The ascending ramus on one side can be removed with almost no dis- 
turbance in function and scarcely noticeable disturbance in facial con- 
tour" Such a resection can extend forward to the premolar region of the 
•• tal ramus without further change in movements of the jaw or 
supportive role. In such instances speech is unaffected, 
sacri^ ce normal, and swallowing is undisturbed. There is 

chewing of soreness in the remaining temporomandibular 

at times a ^ strain. The excursion of the jaw is not restricted, 

joint, pro a 5 gjjjfj of the jaw toward the resected 

but on wide ope width of an incisor tooth, 

side: this may be no moie 

of the Society of University Surgeons, Cincinnati, Ohio, 
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OPERATBX METHODS WHICH PREVENT FUNCTIONAL DISTURBANCE 

If possible, tlie resection should be done intraorally and Tuthont 
sacrifice of mucosa. This can be done in adamantinoma an enipn 
tumors of small size. 

In most instances wliere resection is indicated, it is also necessarj 
to remove soft tissue rather widely. This is best done throng externa 
incisions. The majority of these lesions are in the horizontal ramus, 
and in those instances where a chance of cure seems present an it is 



, I n 

Fig. Neck flap; 2, cheek \ mcmbran^^ of’The 

The growth has been skirted by an incision through the m c 
cheek and along the lateral border of the tongue. 


obvious that a large amount of mouth lining must be sacrificed, pla^ 
should be made to restore the lost lining at the time of resection, ibis 
is done by developing a flap on the neck prior to excision, or y a ree 
skin graft inserted on a form (Pigs. A and D). The app’oach which 
I have found most convenient is as follows : The lower lip is split in the 
midline and this incision carried downward to about the level of the 
hyoid ■, from here it turns at a right angle and runs toward the angle of 
the jav>'. The mucosa of the cheek is incised from angle to midline of the 
lower lip, leaving a wdde margin of mucosa and attached soft parts 
around the growth. Thus a flap of half the lower lip and the cheek is 
turned laterally allowing complete access to the jaw' and month. The 
dissection starts in the neck in order to remove the suprahyoid triangle 



nos 


SUItGKUY 


l)cr of bonign oonclilioiis affect in" the Jnan(lil)lc, excision of local areas 
of the bone is necessary. In tiicse lesions a rim of bone can be loft to 
maintain tbe arch. If one temporarily immobilizes the jaw, a rim of 
cortex inferiorly, no more tlian one-fourlii of an inch thick, will .suffice. 
In sneb case.s, the mechanics of jaw opcniii" and closure are not in- 
terfered with, althon"li the alveolar rid"c is, of com-se, deformed and 
special dentures are needed. The common conditions alTecting the 
mandible, in which this local type of bone removal suffices, are dentiger- 
ous and dental root evsts, hemorrhagic cyst.s, giant cell tumor, osteoma, 
and porha])s .small adamantinoma operated upon for the first time. 

Tlie indication for extensive resection of the lower jaw is usually the 
invasion of the bone by the direct extension of carcinoma arising in the 



. nt incisions used in excising a cancer of the alveolar ridge in- 

Fig. A. — ^Diagram j-inp previously delayed on neck ; 2, incision through inidline 

vading the ongle of Jaw. The flap so made is turned externally and allows 

of lip afld to ^he horizontal ramus and the suprahyoid lymph glands. 3, Area of 

'mTn'dfble"iemoved. 


mlinne or the occurrence of primary malignancy in the bone 
mucous me i-arely an indication for resection. 

itself. In mandible is best treated by maintaining the normal 

Osteomycluis ^ mechanical means necessary, draining soft tissue ab- 
arcli by whatever after sufficient involucrum Iras formed to 

scesses, and seque gjm'onic fibrous nonpurulent osteitis, resection is 
marntaiir the arch. 
at times advrsable. 
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hoFed a moderate erosion of the alveolar ridge. A biopsy t^-as obtained and 

of bon. snrgiem ~1 W. ^ 

•after than radiation. In order to resect widely enough to afford a chance of cur. 
it was thought that it would be necessary to excise a rather lude ar . 
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Fig. D. — An alternative tnethod in wliich a w^ ^ ^The flap^ (s')'* is reflected 

gapped around it is used to replace the “’iSces the raw areas on the flap 

back over this to its original location, pe graft resurfaces been left, 
and joins onto the area of mucous membrane (d) which has be 



, Fig. l._Caso I. a. X-ray showing erosion of the^aK^^^ 

due to extension of squamous cell varcinoi^ of seen. The mass includes the 

operation. The ulceration and ®'J5''°“'^'^,]^a®j™p{i\lands, the submaxillary gland, 
horizontal ramus of the Jaw the supra^oid 1} P g one-halt vears after resection, 
and adjacent soft tissue, c. Functional result four ana one nan . 

Right cheek lined with skin flap from neck. 
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of lymph p:lniuls oi masse ^\ilh the affected jaw. The jaw is sawed across 
near the midliiie and tlie Tiiueosa incised along the tongue laterall)'. 
\YIion the l)onc lias hcen freed l)ack to tlie angle, or further if necessary, 
it is out across and the growth witii the lymph gland aiea removed in 
one mass. 

If a neck (lap has hcen elevated previously this is now turned upw^ard 
and used to lelinc the elicok and area from which the bone has been 
removed. If a ficc graft is used this is wwapped around a dental com- 
liound model and inserted into the cavity. The flap of cheek and lip is 
rctlcctcd hack into position and sufuied. 



^ 'Tho invoUed jaw 1ns been removed with the suprahyoid Ijmph glands at- 
flan S, cheek turned laterallv The neek Bap has been turned up- 
tached i, , K -dBes sutured to the mucous membrane (S) of the cheek and 

"'"the muOTUs membrane along Oie tongue lateralH , this neck skin (j) now becomes 
the mouth lining 


CaseI-W. B (S M H,No 126020) 

^ 63 3 ear old white farmer waa referred to the hospital by his dentist 

fl'wfori/ because of a sore on the loner jan He stated that in January, 

on April , o , entry, the gum of the right loner jaw became so sore that 

1936, o'cr a jear p denture which he had worn for oior thiiteen jears About 

he bad to stop n consulted liis dentist because of increasing pain 

a month prior gitive findings were limited to the mouth which was enden- 

^fiyst molar region of the right loner jan, there nas an eroded, 
tulous. Iw ” surrounded bj a slightlj raised, firm border. The erosion 

rough, raw area nhic 1 mandible (Fig 1) 

seemed to extend mto 
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third molar to the canine region, the suprahyoid glands, and a wide margin of 
niucoas membrane of the cheek and mouth floor was removed in a block. The flap 
from the neck was then used to repair the mouth lining (Figs. A, B, and C). 

This healed in place satisfactorily except for a minor slongh at its tip. Four 
weeks later the pedicle of the flap was cut and the granulating area on the neck, 
skin grafted. 

Hesiilts. ^He has been seen at frequent intervals to date, roughly four years after 
resection. There has been no recurrence. In spite of loss of most of the horizontal 
mandibular ramus on the right side there is no marked deformity. He speaks in- 
telligibly. He cannot wear a lower denture but has gained weight, wliicli is good 
evidence that he is able to eat fairly satisfactorily. 


Case 2.— B. M. (S. IX. IL, No. 57747). 

Bistory. A 49-year-old male, white, engineer, first entered the clinic in February, 
3932. About one year before he had noticed a small, hard, nontender nodule on 
3 e external surface of the midportion of the right mandible. This gradually grew 
larger. In December, 1931, it suddenly became greatly swollen, painful and tender, 
and a large amount of blood-tinged pus discharged spontaneously from about the 
-econd molar. He consulted a dentist, who extracted two right lower molar teeth. 

Examination. — The positive findings were confined to the mouth and jaw. There 
were many teeth missing and the remainder were carious snags. There was a hard, 
round, nodular mass, about 2% by li^ inches in size connected with the midportion 
0 the right horizontal ramus of the mandible. N-rays showed a large cystic area 
m the right horizontal ramus which extended from the second molar region forward 
0 the right lateral incisor. A biopsy was characteristic of adamantinoma. On 
( ®roh 5, 1932, an intraoral local excision of the tumor was done. About one year 
^ter a recurrence was locally removed. He was not seen until four years later, 
e had had during this time a slowly progressive enlargement of the right jaw. 
saw him for the first time in June, 1937. He then had a verj* large tumor in- 
volving almost the entire horizontal ramus of the right lower jaw. N-rays (Fig. 26) 
s owed cystic areas from the angle of the jaw almost to the symphysis. I advised 
rosection. 

Treatment. The tumor was exposed through an external incision after placing 
a tape around the external carotid. The entire mass was removed from a little to 
e left of the symphysis to well past the angle, about one inch of the ascending 
ramus being removed. The mucous membrane in the mouth was left intact except 
or a small longitudinal strip over the' midportion of the tumor, and could be 
closed by suture. 

Besiitts. This man’s case has been followed closely. He was last seen on May 
! 1941, and has had no recurrence. There is moderate sinking in of the right side 
cf the face. The jaw shifts slightly to the right on wide opening (Pig. 2d). He 
ws not wear a lower denture, but is able to do hard physical labor and has main- 
tained his weight satisfactorily. Speech is normal except for the lisp associated 
with toothlessness. 


Case 3.— V. W. (S. M. H., No. 107153). 

Bistory.— -J first saw this 12-year-old schoolgirl in September, 1935. About nine 
wonths prior to this she began to have a painful swelling of the left lower jaw. 

his had gradually become so constantly painful that she was continually taking 
salicylates for relief. She was unable to chew because of pain and had lost about 
eight pounds during the three months prior to entry. This swelling seemed to be 
intermittent in character. 



< ‘i SUltCnUY 

Tlio plim was to first ol(>\ut(' u fiap on tlip neck so tliat tissue would be readj to 
rcimir tlic liniuR loss at time of resection. 

On April 15, a flap was partiall.\ elevated and deliijed on the right side of the 
neck. Two weeks later the flaji was ngain elevated under local anesthesia and 
delaved. In two more weeks tlie flap ajipeared to have good circulation and resec 
tion and rejiair were carried out aecor/liiiglv. This was done in the following man 
nor: The lower lip was split in the inidlinc and the incision continued to the level 


■/rj± 




r 




of )ar^e recurrent adamantinoma, right horizontal 
Vic 2 — Case 2 external incision Only small amount of mucosa sacri- 

..oT^iis of mandible, replacement a. Size of tumor, h, x-ray of excised speci- 

did not ivarrant extent of jaw remo^ed c, appearance 

wh.Si snows aestru^r^ght side of lower jaw, d. function of Jaw four jears 
tour >ears after excisio- 

postoperative 

■ it then turned at right angles, to the right, and ended at 
of the thyroid cartilage , ^ made up of the right side of the face 

the right angle of the jaw of tissue containing the mandible from the 

could be reflected, and a large 



YOUNG; INUNCTION Of JAW TOIXOWIKG RUSECTION 


5)73 


third molar to the canine region, the snpiahyovl g an s, an< a • ^ 

mucous membrane of the eUoek and mouth tiooi \^as rern^e m a 
from the neck r^as tlien used to rcpah the mouth lining ( > j ^’Vniir 

Tiiis healed in place satisfactorily cvcopt for a minor slough at its ip. ’ 
weeks later the pedicle of the flap nas cut and the grannlatmg area on the ntck, 

skm grafted. „ 

EesuUs.~He has been seen at fiequent mterrals to date, roughly ^ 

resection. There has been no recurrence. In spite of loss o most of the hor .onUl 
mandibular ramus on the right side theie is no marked t o ormi j. 
telhgibly. He cannot wear a loner denture but has gamed neigi , 
evidence that he is able to cat fairly satisfaetoiilj. 

Case 2.— B. M. (S. AI. H., Ko. 37747). 

EiSlory.-X 49 year-old male, white, engineer, first J 

B32. About one year before he had noticed a small, hard, '"f * ” 
the external surface of the midportion of the right mandih e, m g 
larger. In December, 1931, it suddenly became greatly swol en, ^ 

and a large amount of blood tinged pus discharged spontaneously ^ 

second molar. He consulted a dentist, yvbf) e-rtracted two rig it oner < 

Examination. — The positive findings were confined to the mouth a ^ 

were many teeth missing and the remainder were carious snags. tnidoortion 

round, noddar mass, about 2)4 by 114 inches in si.e conn^'V'tj!! TyX^Z 
Ot the right horizontal ramus of the mandible. Xrajs s ovve< a forward 

in the right horizontal ramus which extended from the sccom mo , On 

to the rfght lateral incisor. A biopsy was ehamrtenst.c o ^ 

March 5, 1932, an intraoral local excision of the tumor was * 
later a recurrence was locally removed. He was not ‘>een un i o 
He had had during this time a slowly progressive enlargimcn o . 

I saw him for the first time in .Tune, 1937. He then hai 2b> 

volring almost the entire horizontal ramus of the nght ^ y advised 

showed evstic areas from the angle of the jaw almost to J I 

resection. . i.,P,nw 

Treatment . — The tumor was exposed through an external inci ton , ^ 

a tape around the external carotid, Tlie entire ma‘-s was remove* ru 
the left of the symphysis to well past the angle, about one m* o - (.jnept 

ramns being removed. The mm ous membrane in the month wa,» e ' 

for a small longitudinal strip over tlm midportion of the tumor, ami could 

closed by sntnre. „ 

This man’s ca^e has been followed ilosfly. lie was 
S, 1941, and hms had no renirrince. There « moderate s.nVing m of the rij t 
of the face. The jaw shifts e„ghtly to the "f V';* '.aain- 

does not wear a lower denture, but is aide to do hard i .,s,„,.iated 

tained Ms weight satisfactorily, i- normal except I 

with toothle=-ne=-. 

C\‘:z Z—V. IV. lb. M. H., Mo. 197133/. 

Hurtoni-l firs* saw tiu* IJvearoW «hoolg.rl m .«rptrmMr, 1933. .VVmt nine 
/Mmj I firs, a swellmg of the hft lowrr jaw. 

months prior to this ajie bfg.m to inv .. J ii,. a,-,. 

This had gradc-JU l/come so mnstantlv p.inful tiro -he wa- ronlinridl- t.ih mg 
salievP.tes for rehef. f-M wms nnable to the** t^rause „£ fnm and had lo* ahout 
eitrht pounds ,3unng the tbr«. month- prior to entry This .^,1bng sirr^rd to Icj 
intermittent in character. 



974 


SURGERY 


Exainimiion . — There wes no fever or any other constitutional signs of infection. 
There was a diffuse, firm enlargement of the left horizontal ramus from above the 
angle to about tlie first bicuspid. This was tender. The soft tissues over the bone 
did not appear thickened (Fig. 3a). The teeth were in c.\cellent condition. The 
lymph glands in the left upper neck were enlarged) firm, and tender. There was no 
leucocytosis, and tlio Wassermann was negative. X-ray of tlie lower jaw showed 
diffuse increase in widtii and thickness, with spotty areas of decreased density (Fig. 
3c). It was suspected tliat the disease was a low grade infection of some nature 










^ 1 r-r-pment of left side of face due to chronic fibrous osteo- 
c r.nse 3 . Eniarfey' „n«cimen and x-ray of specimen removed. This left 
^ Mandible; b f/.if to a little past the mental foramen is diffusely ex- 
myelitis of man areas of decreased density, d. Appearance two 
side of ny shows «-r»s removed subpcnosteally and there has been a 

panded. The X 3a^^ jg a moderate shift to the shortened side on 
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but a definite diagnosis could not be made. During Deccmljor, 1935, the Ijody of 
the mandible ■was explored through an external incision. The periosteum was thick- 
ened, the bone was greatly enlarged and its surface roughened. In several areas 
there were cortical perforations. By enlarging these it was found that the bone 
was spong}- and soft. No pus was found. A culture was taken ■which proved nega- 
tive and bone ■which was removed was diagnosed as clironic fibrous osteomyelitis. 

The child was then seen at frequent intervals during 1936. In October of that 
year it became evident that she was progressively getting worse. The jaw had 
slowly enlarged, opening of the mouth becoming limited, and she was in almost 
constant pain. She was taking salicylates in large doses. X-rays showed progres- 
sive increase in the spotty areas in the bone and an increase in size. It was decided 
to resect the involved bone. 

Treatment. — ^In November, 1936, the bicuspid and molar teeth were extracted and 
the sockets healed without trouble. About six weeks later, after the sockets were 
thoroughly healed, resection was done through an external incision. The left tem- 
poromandibular joint was disarticulated and the bone cut across just medial to the 
mental foramen (Fig. 3h). This resection, was accomplished subperiosteally without 
entering the mouth. The right side of the jaw which remained was held in correct 
occlusion by interdental ■wiring. She gradnally regenerated a small horizontal ramus 
and an ascending ramus up to about the coronoid notch. About a year after resec- 
tion she began to complain of pain in the chin region and this area became swollen. 
X-rays showed an extension of the same process into the right side of the mandible 
as far as the right first molar. It ■was thought that removal of this involved bone 
noidd be necessary, and the remaining teeth on the right side were extracted. Fol- 
o^wing this there seemed to be some decrease in pain and swelling, and resection 
of the right side was deferred. 

Sesrilfs . — She was seen frequently for about two years after the extractions. 
She had recurrence of swelling and pain but there was a gradual improvement in 
symptoms. In December, 1910, x-rays showed a complete disappearance of the 
mottled areas in the right mandible. The left mandible bad regenerated except 
for the condyle and coronoid process. There was a moderate sunken appearance 
of the left side of the face and pronounced shift of the jaw to the left on com- 
plete opening (Fig. 3 d and e). It was decided that a lower denture should be made. 
This is in process. 


Case 4.— W. W. (S. M. H., No. 125015). 

Si’Story . — This 42-year-oM white hotel clerk entered the clinic in February, 195". 
He complained of pain in the left lower jaw. He began having trouble with the 
yaw about eight years before. At that time he had an impacted wisdom tooth 
and a small cyst removed from the lower jaw on the left. About four years later 
a growth developed in the same region and ■was removed. He then had no difficulty 
antil about one week prior to my first seeing him. At this time he complained of 
pain and a sensation of the jaw being broken. 


Examination . — At that time there was no visible or palpable swelling, but an 
s-ray of the left ascending ramus of the mandible showed a large cystic area re- 
placing the ascending ramus (Fig. 4a). Other than an old poliomyelitic atrophy 
of the left lower leg, the remainder of the examination was negative. 

Treatment . — The angle and ascending ramus of the left mandible were expo.scd 
through an external incision. There was a large cyst in the ascending ramus. 
There was no bone on the medial side of this tumor and only a thin eggshcli-like 
bony Wall externally. This cavity contained only a small amount of tumor tissue, 
hut a largo amount of brownish, moderately viscous fluid. The condyle did not seem 
to bo greatly involved, but had no bony connection with the remaining jaw, conse- 
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quently, it and the coronoid process -were completely removed. All suspicious bone 
fragments and soft tissue were removed, leaving a jaw which had no bone from the 
angle of the horizontal ramus upward (Fig. Jb). The tumor tissue removed was 
characteristic adamantinoma. 

Sennits . — ^He recovered promptly and without difficult)-. He was seen for a few 
months after operation and had no particular complaints. About four years later, 
in March, 1941, he reappeared with a large swelling in the parotid region on the 
left. This had come to his attention for the first time about two months before. 
He had no particular pain and the jaw function had not been disturbed. He was 
again operated upon and a large cyst with small intramural tumors was removed; 
this, too, was adamantinoma. This operation was rather difficult and the patient 
had a stormy immediate postoperative course, due to shock from blood loss. He 
recovered and is at present back at his former job as a hotel clerk. He has good 
function of the jaw and has had for the past four years, without an ascending 
ramus. He can chew anything, has no pain, and the only abnormality on examination 
is a light shift of the jaw to the left on wide opening (Fig. 4d). 

Case 5.— C. K. (S. M. H., No. 154S20). 

Histori;. — ^This 79-yeaT-old retired Irishman complained of pain about the angle 
of the left lower jaw and a small ulceration of the gum in this region. About a 
year before he first came to me in September, 1939, he had begun to have inter- 
mittent soreness of the gums and would occasionally omit wearing his lower den- 
ture for about a day or so. About six months later he noticed a tiny ulceration 
in the left lower gum posteriorly. This had never bled, and Iiad increased only 
slightly in size. For the past two months he had not worn his lower denture because 
of discomfort. 

Examination , — He was a well-preserved, mentally alert old man. The mouth was 
edentulous. Tliere was a small ulceration about 1 cm. in diameter on the left 
lower alveolar ridge in about the location of the third molar. There was a firm, 
hard enlargement of the angle of the mandible which seenied to extend upward in 
the ascending ramus. X-rays showed an area of bone destruction, multilocular in 
character, near the angle of tlie left jaw; this seemed to extend upward toward 
the condyle. A small piece of tissue was secured from deep in the ulcer for micro- 
scopic examination. There was considerable discussion about the diagnosis of tliis 
biopsy, but most of the pathologists tiiought it was a caicinoma of the cylindroma 
type. 

I thought that the x-ray and the clinical course indicated an adamantinoma and 
I advised local excision on that basis. 

Treatment . — At operation an incision was made intraorally around the ulcer, and 
a cystic area in the mandible at the left angle was exposed. It was found that this 
contained, a firm cellular tumor not characteristic of adamantinoma. A frozen sec- 
tion was made and it was evident that the tumor was a carcinoma of glandular 
type. It was also found that this tumor extended upward as far as one could reach 
into the ascending ramus. It was therefore decided to resect the involved portion 
of the jaw. The joint on the left was disarticulated, the body of the mandible cut 
across in the bicuspid region and this portion removed (Fig. 5a). Tills was com- 
pleted through the original intraoral approach. Sections of the specimen were 
examined and diagnosed as carcinoma of the cylindroma type replacing bone mar- 
row. 

Scsiiits . — He recovered promptly and was able to bo on a soft diet on the twelfth 
postoperative day. Since then he liad been seen frequently. He complains of numb- 
ness of the left lower lip and a feeling of tightness on tlie left side on opening. 
He at times complains of some soreness in the riglit temporomandibular joint. There 
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is no noticeable deformity (Kg. 5b). There is a slight shift of the jaw to the 
left on opening, lie has been able to maintain his weight satisfactorily and as 
jot, one and one-half .veuis later, there is no evident recun once. lie does not wear 
a lower denture. 




Fi&. 5. — Case 5. Intraoral resection of the left mandible from condyle to bicuspid 
region for cylindroma, a. Specimen removed. The mandible has been partially de- 
stroyed by the growth, b. Appearance two years after resection. Unfortunately a 
photograph showing function was not obtained, but the patient does have satisfactory 
opening with only moderate shift to the left. 


CASE 6.~r. K. (S. M. H., No. 1533G9). 

ffistory . — This Si-year-old housewife was sent to us for an opinion and treatment 
in May, 1939- About one and one half years before she had noticetl a slight swell- 
ing of the right side of her chin, and soreness of tlie lower incisor teeth. She 
consulted a dentist who x-rayed the jaw and told her that she had a tumor of the 
bone In December, 1937, a surgeon removed the tumor. Following this there 
were four recurrences and excisions at about sixty-day intervals. Following the 
fifth excision the growth again grew rather rapidly. Pathologic examination of the 
previously removed tissue was reported to us as osteogenic sarcoma. 

" V 'nation —-When we saw her some one and one-lialf years after onset, and 
1 er sixth recurrence, there was an obvious firm mass involving the anterior 
with ler sn^ mandible. It involved most of the body on the right, and cx- 
projection o ramus on the left to about the canine region. In the 

tended into le ^ tnpior there was infiltration of the shin, hut no ulceration, 
central portion o .,i,o,ycd the tvpica! shooting-star radiafion.s of bone charac- 

An x-ray of the jan - 

teristic of osteogenic sarcoma ( g- ) 
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Treatment . — ^Because of the repeated recurrences, the nature of the growth, and 
the proximity to skin it was decided to resect the bone and soft tissue of the chin 
in one block, recognizing that repair of soft tissues and bone would be necessary. 
In May, 1939, this was done preserving only the hypoglossal nerves and the vermilion 
border of the lower lip. Following this the soft tissues were reconstructed in four 
steps (Fig. Cc). Following the last opeiation, at which flaps from the neck had 
been turned up in place to form mouth lining and skin of the lower face, the patient 
about two hours after operation suddenly became apneic and died. It was thought 
that death was due to obstruction of the airway. Post-mortem examination showed 
no demonstrable metastases. 



Fig. S. — Case C. Resection of mandible from angle to angle with involved soft 

tissues because of osteogenic sarcoma, a, Typical x-ray appearance of osteogenic 

sarcoma of mandible ; b, excised specimen. The major portion of the growth involves 
the symphysis, c. Appearance of patient two weeks after resection. In this type of 

resection repair is, of course, imperative. In this instance, lining and covering of the 

cheeks and skm were reconstructed from three separate neck flaps, and following this 
a bone graft had been contemplated. The patient died of respirator}- difficult}- a few 
hours after the fourth step. A post-mortem showed no demonstrable metastases. 
In this type of resection, replacement of bone is necessary for both function and ap- 
pearance. 


atSE 7.— B. B. (S. M. H., No. 157559). 

History . — This liousewife, 05 years of age, began to have pain in her right jaw 
and ear about fifteen months before I first saw her in September, 1939. Slie went 
to three different dentists and had her lower denture altered, but without relief. 
Her family doctor, whom she then consulted, advised lier to have an x-ray of the 
jaw. This showed an impacted u-isdom tooth wliieb was extracted in January, 1939. 
The tooth socket healed slowly, and about March, 1939, a swelling of tlie jaw 
developed. An x ray was again taken and she was told that she had a tumor of the 
jaw. She was tlicn given deep x-ray therapj- to the right lower jaw for a number 
Of months. Her pain, liowever, persisted. The swelling she believes may have 
increased slightly. She then consulted me. 

Examiiurtion . — She was a very thin woman who appeared older tlian 05. Tiie 
right side of the jaw was noticeably swollen (Fig. 7a), this swelling extending doivn 
into the submax-illary and submental region. The mouth was edentulous. A little 
to the midline there was a puckered, burrowing ulcer about 2 cm. in diameter on 
tlie alveolar ridge. The base of this ulcer uas friable and bled easily. An x-ray 
of the jaw showed that the bone in the bicuspid region w-as almost eompletely 
severed by the ulceration (Fig. 7b). A biopsy of the ulcer base showed squamous 
cell carcinoma. 
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Treatment.—rhis lesion sliould have been considered inoperable because of the 
wide extension into soft parts, but in an attempt to relieve her of pain, resection 
was done in October, 1939. It was obvious that a large amount of tlie mouth lining 
would have to bo^ removed, but because of the small chance of cure it was decided 
to disregard repair of this. The resection was done in block fashion, from a little 
anterior to the angle of the jaw on the right to slightly past the midline on the 
left. The submaxillary and submental lymph glands were removed with the section 
of jaw, as ivell as the mouth floor on the right and anteriorly (Fig. 7c). The 



. rase 7 Advanced carcinoma of right alveolar ridge, a, Tlie growth has 

. tissues causing a noticeable enlargement of tlie right side of the 

extended into “ '•..-firms the extent of the growth. It has eroded through almost the 
face ; p, tiie x-ia^ specimen includes the horizontal ramus and lymph gland 

full width of tne Doi c. , tongue and difliculty in swallowing were the main corn- 
area: d, protrusion o j. to a wide removal of mucosa with- 

plaints not to recurrence which was present one and one-half years 

!?tVresS"whS"thls ‘photograph was obtained. 

found to invade the undersurface of the tongue, and the right hypo- 
growth was sacrificed .along tvitli a portion of the undersurface of the 

glossal nerve la o^ tongue denuded of 

tongue. Tbts e closed under considerable tension, and in so doing 

mucous membrane. Tins wa 
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the tongue ■nns drawn quite far forward. The immediate course was quite stormy, 
characterized by difficulty in breathing as well as in the ingestion of food. 

Sesrdts. — She recovered slowly and for about a year was free of pain. However, 
she had been quite uncomfortable during this entire period due to a gradual pro 
trusion of the tongue, which was accompanied by what appeared to be a lymphedema 
of the right half of the tongue. About fifteen months after operation she agam 
began to complain of pain, and there was an obvious recurrence in the soft tissues 
of the neck on the right side. She w as given deep x ray therapy w ith moderate 
relief. She is still living about one and one-half years after operation, but in pain. 
At no time has function of her jaw been satisfactory. This, I attribute, not to the 
bone loss, but to failure to provide for the large loss of lining. This allowed the 
tongue to become adherent in a contracted, forward position, which interferes greatly 
with swallowing and speech. 

Case S.—P. H. (S. JI. H., No. 173353). 

History. — A 60 year old white, male, bartender was refened to me on June 21, 
IDll, because of a recurrent squamous celt carcinoma in the floor of the mouth on 
the right side. 



Fig 8 — Case 8 Carcinoma of right aUcolar ridge rapidlv recurrent following 
x-ray therapy and local surgerj- a. Appearance after resection of right horizontal 
ramus and replacement of mucosa by a free skin graft on a stent , b, function is not 
grcatlj impaired 


Fourteen months before, he had a lower right molar tooth extracted because of 
pain. Six weeks later another molar tooth was extracted from the same region. 
About one month later he noticed a growth along the alveolar margin where the 
teeth had been extracted. This gradually increased m size but caused him no pain 
and there was no bleeding. He consulted numerous plivsicians and dentists during 
this period, but eiidently the diagnosis was not suspected. In January, 1941, a 
positive diagnosis was made of squamous cell carcinoma by biopsy. In addition, a 
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four plus Wasscrmnnn reaction was obtained. The lesion in the mouth was treated 
between Jan. 8 and Peb. 5, 19il, with 0000 r. x-ray with an intraoral cone in 
dhdded doses of 300 r. The usual local reaction followed this therapy with disap- 
pearance of the tumor. 

On March 19, six weeks after completion of the course of x-ray therapy, there 
was an obvious recurrence along the alveolar ridge. An x-ray of the right mandible 
at this time showed no invasion of the bone. On April 3, 1941, a right supra- 
hyoid neck dissection was done and the intraoral recurrence removed locally. Micro- 
scopic examination of this tissue showed typical squamous cell carcinoma of oral 
mucosa and questionable lymph gland involvement. 

On May 20, 1941, about six weeks after the local excision, a recurrence was 
evident. Ho was referred to me at that time. 

Exanimaiion . — The general examination was negative except for a four plus 
Wassermann. Local examination showed the neck incision well healed. There was 
a definite swelling of the soft tissues over the midportion of the right horizontal 
ramus. There was friable, vascular tumor about the neck of the first bicuspid tooth. 
The alveolar ridge was bare and necrotic from this tooth to the angle of the jaw, 
and in the adjacent mucous membrane in the region of the first molar there was a 
patch of tumor. It was evident that there was a recurrence of the growth extend- 
ing into the soft tissues lateral to the jaw. A radical excision was advised. 

Treatment . — On June 31, 1941, a block resection of the involved area was done. 
After extracting the left lateral and central lower incisors, the lip was split in the 
midline to the hyoid. A connecting incision from the angle of the jaw to the lower 
end of the vertical incision was made. This flap of tissue was reflected laterally 
leaving a wide margin of normal mucous membrane around the horizontal ramus 
(Figs. A and B). The jaw was cut across through the area of extraction, and 
through the ascending ramus about one inch above the angle of the jaw. 

An incision was made in the mucous membrane along the tongue laterally and 
around the angle of the jaw to join the lateral incision. The ma-'s of soft tissue 
and bone urns lifted out in one piece. The flap was sutured back in place and the 
raw interior covered with a large, split, tliick skin graft on a wax mold (Fig. U). 

Eemtlts . — ^He had a rather difficult postoperative course. Due to difliculty in 
swallowing he lost about thirty pounds of excess weight. The graft took fairly 
well and he gradually gained strength and freedom of tongue action. In two 
months he returned to his old job as a bartender and is still performing his duties 
satisfactorily. He has now gone about eight months without recurrence. 

He has free opening of the mouth, but is unable to wear either an upper or 
lower denture. In spite of this, his nutrition is good and he is able to work. The 
right side of the face is noticeably sunken and a prosthesis to hold the cheek out 
in normal position is to be constructed. 


SUMMARY AND RESULTS 

The mandible has functions of support and movement. These are 
intimately related to appearance, speech, chewing, and swallowing. The 
ascendino- or horizontal ramus of the lower jaw, or both, can he removed 
without too seriously impairing function. If the symphysis region is ex- 
d "reat disturbance in function results unless the bone loss is re- 

considerable amount of soft tissue and mucosa is removed witli 
^ ^ n 1 P functional disability ensues. This can he prevented 
rUos.1 loss .Vllhoat bo,o 
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Traumatic Injuries to the Peripheral Vessels in Both Civil and 
BClitary Practice 

incidence of injuries to the peripheral vascular tree will be 
greatly increased because of the large number of nations at war to- 
day. In peace time these injiiries are usually treated by physicians 
trained in vascular surgery, whereas in time of war they are eared for 
largelj' by the general surgeon. For these reasons, it is absolutely neces- 
sary that all medical officers in the armed forces be thoroughly cognizant 
of the pathologieo-physiologic conditions induced by arterial and 
arteriovenous injuries, as well as of the principles underlying the suc- 
cessful management of these cases. Proper treatment will reduce the 
loss of life and limb to a minimum, thus enabling a larger number of 
men to return to active or limited duty. 

In modern warfare, high explosive and bullet injuries to the vascular 
tree in the extremities are liable to be excessive. These injuries range 
from simple contusion with segmental spasm to complete severance and 
destruction of the main peripheral vessels. Contusion of vessels is 
preceded by soft tissue bruises made by shell fragments or ljullets pass- 
ing through the tissues Avithout primarily involving the vessels. The 
explosive force is transmitted to the %’essel Avail by continuity of tissue. 
This results in intramural bleeding AAuth secondary luminal thrombosis 
or degenerative changes in the A’essel AvaU Avhieh gradually give Avay 
to produce an aneurysm. In a number of cases there is not only intra- 
mural bleeding but rupture of the intima Avith rapid A'ascular occlusion 
by thrombosis. Thcreiore, a wide range of. A-ascuJar lesions are pro- 
duced by contusions, differing only in degree and extent, Avith a similar 
range in the incidence of pennaiient changes, that is, from segmental 
spasm or partial and complete thrombotic luminal occlusion to late 
aneurysmal formation. 

Direct injuries result in partial or complete severance of the vessel 
Avail, AA-ith or Avithont complete segmental loss of the arterial Avail and 
accompanying veins. The immediate effect of this type of injmy de- 
pends upon Avlicthcr the wound is semiclosed (puncture Avound, bullet 
or fine sliell fragment) or is AAddcly lacerated or open. In the former, 
there is immediate bleeding into the pcriA'aseular tissue Avith hematoma 
formation. Bleeding is stopped by pre.ssure of the liematoma upon tlie 
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vessel JUS well Jis segmental vasomotor si)asm whicli contracts the vessel 
at the site of injury. ./\fter days or weeks the hematoma forms a 
])seudoarterial aneurysm. Therefore, eveiy localized hematoma asso- 
ciated with a ])uneturcd wound should he considered a potential arterial 
aneurysm. Occasionall.v. this t.vpc of arterial injurv continues to bleed 
into the tissue and muscular planes to ])i'odueo irreversible shock result- 
ing in death of the patient. I Jiave seen three such eases. 

In lacerated wounds with considerable segmental destruction or 
severance of the ves-scls, the patient may succumb from hcmorriiage and 
shock (which is usually the ease during battle), or shock may ocenr, 
lowering the blood pressure to such a degree that bleeding automat- 
icall.v stojis. This may save the patient’s life if local and systemic 
treatment can be instituted before shock becomes irreversible. 

"When the vein as well as the artery is injured, the peripheral and 
central blood streams arc converted into a common pool. A hematoma 
forms and a firm tumor ma.ss resull.s. After da.vs or weeks an arterio- 
venous aneurvsm appears. This t.vpe of aneurysm has both local and 
.s.vstemic effects and differs from the pure traumatic arterial aneurysm 
in that the latter has no cardiac effects. The cardiac condition resulting 
from an arteriovenous aneurysm is at times sufficient to produce cardiac 
decompensation. This depends entirel.v upon the size of the vessels, 
the size of the arteriovenous opening, and the proximity to the heart. 
Therefoi'e, in all traumatic injuries to the peripheral vessels, the occur- 
rence of both pure arterial and arteriovenous aneurysms should he 
anticipated. 

The peripheral vascular tree is controlled b.v the sympathetic nervous 
system which contains both vasomotor constidctor and dilator fibers. 
Stimulation of the s.^'stem at anj’' level along its ])eriplieral course pro- 
duces spasm of the vessels supplied, whereas destruction or blocking 
of the constrictor fibers results in vasodilatation of the vessels. This 
applies to both arteries and veins. Therefore, an injury to the pei'iph- 
eral vessels will result in segmental spasm. This ma.v be suffieient to 
prodrree hrminal obliteration which may persist long enough to produce 
thrombotic occlusion of the artery and all of its pathologic consequences. 
The point of injury of the vessel frequently acts as focus for initiating 
a spreading vasomotor spasm which involves not onI.y the main periph- 
eral arteries and veins but all of their branches as well. If spasm of 
the vessels continues for a long time, obliteration of the vasa vasorum 
occurs to prevent vessel wall nutrition and invoke internal changes 
• suitin'^ in thrombosis, ischemic gangrene, and loss of Jhnh. 

rder that proper treatment may be instituted, a thorough under- 
of this pathologic physiology is not only cssezzlial but ab- 
standing pive fundamental principles sliould be observed 

solutely nece ‘ traumatic injuries of the peripheral vascular 

in the hemorrhage, treatmezit'of shock, surgical cor- 

tree: absolute tment of arterial and artei-iovenous aneurysms, 

vection of the injury treatn 
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and control of the sympathetic nerve supplj- to tlie peripheral vessels. 

Hemorrhage can nsvially be controlled by a tourniciuet or by local 
compression Ijandagos. Tliis will suffice until aseptic surgical pro- 
oednres can be undertaken. Shock should be combatted by plasma in- 
fusions and blood transfusions. Plasma infusions can be given at any 
time or place because of the modern method.s of processing, storing, and 
transporting plasma. Thus, plasma infusions are preferable to blood 
transfusions, because the use of plasma obviates the necessity of delay. 

Surgical treatment of tlie injurv^ should be performed under aseptic 
conditions. In puncture wounds with va.seular injury, it is advisable to 
operate in the first few hours even if hemondiage has not been con- 
trolled, If this is not possible, operation should be deferred until the 
hematoma has organized. The resulting arterial or arteriovenous 
aneurj’^sm can he treated at a later date. From three to six months later 
is the optimal time. 

Lacerated wounds with or without destruction of the vessels should he 
debrided, sulfanilamide sprinkled into the wound, and the vessels 
iigated. Arterial suture is a highly developed art whicli con.sumes 
lime, and, as a rule, thrombosis occurs at the suture line. Therefore, 
in war, arterial continuity restored by suture is seldom indicated. 

The late sequelae of arterial and arteriovenous traumatic injuries 
3re arterial and arteriovenous aneurysms. These pathologic clinical 
entities should be treated according to the methods of Matas. The 
e-xception to this “postponement rule” is an acute arteriovenous 
aneurysm in which there is an extensive opening between the large 
caliber vessels, and in which cardiac dilatation is rapidly taking place. 
Here, simple ligation of the proximal vein will tide the patient over this 
distressing complication and the arteriovenous fistula can be repaired at 
a later date. 

The fifth and, I believe, the most important factor is control of the 
pathologic function of the sjunpathetic nerve supply to the peripheral 
vessels. ]\Iaintenanee of collateral circulation, segmental as well as dif- 
ftise vasomotor spasm of the peripheral arteries and their branches is 
controlled by preventing vasospastic impulses from reaching the main 
arteries and veins. This fundamental principle, if observed, restores 
adecjuate blood volume flow through the main arterial stem and its 
branches and thereby prevents ischemic srangrene. 

When a patient has an injury in the peripheral vascular tree, the 
peripheral pulse should he thoroughly investigated. If it is absent, vaso- 
Riotor .spasm is pi-esent and is of major importance. Eegardless of the 
type of vascular wound, blocking out the sympathetic ganglionated 
chain by chemical means (1 per cent novocain, or novocain and alcohol, 
9.5 per cent) is urgently indicated. Sympathetic block should he re- 
peated onec or twice in the twenty-four hours and continued until 
arteriovcnoxis spasm has been overcome and the tissues distal to the 
'ujury arc adequately nourished. For the lower extremity, the first to 
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tlie fourlli himhav sympathetic ganglia should be blocked, and for the 
upper oxlremity tlie stellate ganglion should be injected. We have 
used this method in :dl traumatic injuries of the peripheral vessels as 
M’ell as for aneurysms for the past twelve years without the occurrence 
of a single ease of iscliemic gangrene. 

In recapitulation, in all traumatic injuries of the peripheral vessels, 
hemorrhage should he stopped by a tourniquet or compression bandages, 
shock prevented or overcome by plasma infusions and blood transfusions, 
injured vessels repaired or ligated, vasomotor spasm of the vessels 
prevented by sympathetic block, and arterial and arteriovenous aneu- 
rysms treated by the accepted methods of Mata.s. 

— Mints Gage, M.D. 

New Orleans, La. 



Review of Recent Meetings 


THE SOCIETY OP UNIVERSITY SURGEONS 

T he Fourth Annual Meeting of the Societr of University Surgeons was held at 
the Cincinnati General Hospital and Children’s Hospital, Feb. 12-14, 1942. 

On the first day, Feb. 12, 1942, there was a general inspection of the Department 
of Surgery of the University of Cincinnati and presentation of interesting cases and 
problems under investigation by the local group. 

During the sessions held on February 13 and 14 papers were presented by various 
members and these appear in this number of the journal. Papers presented and 
not published, or read by title include: 

Franklin E. Walton (Washington University): Auxins in Delation to Certain 
Phases of Wound Healing. 

Edward S. Stafford, and John Staige Davis (Johns Hopkins) : Successful Con- 
struction of a Complete Extrathoracie Esophagus. 

William F. Eienhofif (Johns Hopkins): A Clinical and Experimental Study on 
the Closure of the Primary Bronchus Following Total Pneumonectomy. 

Alexander Brunschwig (Chicago): The Operative Treatment of Cystadenomas 
of the Pancreas. 
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tlic fourth luml)ar syiupalliclic ganglia shoiTld be blocked, and for the 
upper exlrcmily Ibe .stellate ganglion should be injected. We have 
used this method in all traumatic injuries of the peripheral vessels as 
well as for aneurysms for the past twelve years without the occurrence 
of a single case of ischemic gangrene. 

In recapitulation, in all traumatic injuries of the peripheral vessels, 
hemorrhage should he .stopped by a tourniquet or compression bandages, 
shock pi’evcuted or overcome by plasma infusions and blood transfusions, 
injured vessels repaired or ligated, vasomotor spasm of the vessels 
prevented by s.yinpathetic block, and arterial and arteriovenous aneu- 
rysms treated by the accepted methods of Matas. 

— Mims Gage, M.D. 

New Orleans, La. 
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book must be based on personal experience, for there are fewer than four dozen 
references to the literature. There are but nineteen illustrations. Although the 
book impresses one as being far more verbose than necessary in view of the con- 
tents, nevertheless there is much sound advice in it. 


An Introduction to Medical Science. By William Boyd. l3d. 2. Pp. 358, with 124 

illustrations. Philadelphia, 1941, Lea & Febiger. $3.50. 

This book is intended primarily for the nurse beginning her professional career. 
The first section of the book deals with the general principles of disease, the sec- 
ond with the diseased organs, and the third with some praetical applications. The 
subject matter is written so completely and well that it is difficult to cite indi- 
vidual chapters for excellence. The only objection to this volume is that some of 
the illustrations are too diagrammatic (Pigs. 42 and 76) to be clear. This book 
should have a wide popularity and should go through maPJ' future editions. 


The Blood Bank and the Technique and Therapeutics of Transfusion. By B. A. 
Kilduffe and Michael DeBakey. Pp. 558, with 214 illustrations and one color 
plate. St. Louis, 1941, The C. V. Mosby Co. $7.50. 

The opportune and timely appearance of this book is striking. Indeed, the 
presentation of few subjects in medicine currently would be more propitiously re- 
ceived than the ‘ ‘ various considerations and more recent developments in transfusion 
in a readily available compeadious and expository source.” 

The book consists of sixteen chapters including history, rationale, indications and 
contraindications, military aspects of transfusion, special types of transfusion, 
technique of blood tj'ping and compatibility tests, the nature, causes, detection and 
methods for the elimination of anomalous blood-tj-ping reactions, the ‘‘Universal 
Donor” and the ‘‘Universal Becipient,” the blood bank and its operation and 
changes occurring in stored blood, preparation and preservation of fresh and 
processed plasma, methods and technique of transfusion, and complications of trans- 
fusion. Wliile it is admittedly ‘‘difficult to embrace within reasonable space limits 
all the various phases of blood transfusion,” the authors liave succeeded in their 
‘‘endeavor ... to present the subject in a comprehensive manner” and ‘‘to main- 
tain the functions of expediency and practicability.” Written in an eloquent, 
concise, and di.stinctly lucid style, the authors have combined the various laboratory 
and clinical aspects of the subject witli explicit thoroughness. Following each chap- 
ter, there is an exhaustive list of references jdaced in alplmbetical order. That tlie 
bibliography may be ‘‘considered sufficiently extensive, varied, representative, and 
inclusive not only to document the text but also to serve as a reference source for 
those intercstc<l in the respective phases of the subject” is clearly demonstrated by 
the fact that the chapter on Kationalc, Indications, and Contraindications contains 
over nine hundred references. The value of these references is further enhanced 
by their actual inclusion in tlio text. 

The profuse illustrations deserve special comment. Most of these consist of line 
drawings executed with such refreshing vigor and distinctive simplicity as to per- 
mit unusual ease of interpretatiim. 

In view of the fact that transfusion lias recently received its greatest impetus 
toward a wider iipplication iind is currently undergoing intensive investigation and 
dorclopmeut. this comprehensive, authoritative, and up-to-date consideration of the 
subject will undoubtedly meet a ready and cordial reception by clinicians ns well 
ns lubornlory teclmicitms. ' ' ' ‘ 
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Accidental Injuries. B\’ Henry H. Ifes.'.-Icr, If.D,, PJi.D., H.A.C.S., Ed. 2. Pp. 803, 
with 202 illustrations, Philadelphia, 1941, Lea and Pobiger Co. $10. 

This is a book of 803 pages with 202 illustrations and is concerned mainly with 
the physician’s responsibility in tlic interpretation of the medicolegal aspects of 
workmen’s compensation and public liability. The author has first presented a dis- 
cussion of laws and rules followed by a surgical and medicolegal discussion of in- 
juries in every part of the body. He has also discussed diseases and poisonings 
which may arise among workmen and be attributed to occupations. Numerous court 
decisions are presented in illustration of various injuries. 

It is impossible to review in detail or even list the numerous subjects covered. 
This book is a very useful reference for the inexperienced or experienced practitioners 
who may be called to report upon or testify in workmen ’s compensation injuries and 
diseases and in public liability cases. 


Neuroanatomy. By Fred A. Sfettler, A.IM., M.B., Ph.D., Professor of Anatomy, 

University of Georgia School of Medicine. Pp. 476 with 337 illustrations. St. 

Louis, 1941, The C. V. Mosby Co. .$7.50. 

This text is written for the medical student with a view to preparing him for 
clinical medicine. Consequently, it provides a useful reference book for the physi- 
ologist, neurologist, and neurosurgeon. The first portion of the book deals with the 
topography and morpholog}- of the central nervous system as seen with the naked 
eye. Throughout this section attention is continually drawn to those general anatomic 
relationships and concepts which form the basis for the manipulations of practical 
medicine. 

The second part of the work, wliicli is the microscopic section, concerns itself 
with the establishment of a sound and usable functional viewpoint. Special atten- 
tion has been given to the matter of terrainolog 3 ’. No new terms are employed at 
any place in the text without having been previously defined. 

A carefully chosen li.st of references is included, with definite preference shown 
to articles in English and in readily accessible American journals. The book is 
beautifully illustrated with 337 photographs, diagrams, and drawings, a number of 
which are in color. 


Treatment of the Patient Past Fifty. By Ernst P. Boas, M.D. Pp. 308, with 19 
illustrations. Chicago, The Year Book Publishers, Inc. $4. 

this small hook of 308 pages, the author discusses at length the general plii- 
t ' f dialing’ eliierly patients, and constantly empha.sizes the importance 
losophy 0 > psychologic effects of the diseases, age changes, and advice 

of considera i There is fair!}- broad discussion of the management 

to which this grou (-ardiovaacular, pulmonarj-, gastrointestinal, hiliarj-, 

of diseases groupe chief message in this hook seems to he that the elderly 

genitourinaiy , etc. constant medical nttontinn than do j-oungcr patients, 

patient requite® of thought should he given to the mental outlook. The 

and that a great . 
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Surgical Clinics of North America. A Symposium on Military Surgery written 
by a number of authors, December, 1941. Volume 21, No. 6. Pp. 333, with 
389 illustrations. Philadelphia, W. B. Saunders Company. 

This small volume affords a review of the current military practices in the Army 
and Navy' of the United States. Well-known authors contribute articles on the fields 
of their interest. The book contains much useful information on subjects of very 
live concern, to all surgeons and can be recommended for orientation of the surgeon 
in our present war effort. 


Thoracic Surgery. By Charles W. Lester. Ed. 1. Pp. 141. London, O.xford 

University’ Press. 

This little book attempts to present in true outline form the salient information 
needed by physician, surgeon, and student on anatomy, physiology, anesthesia, 
the various disease entities of the chest, and the surgical treatment thereof. 
There are no illustrations. This volume should be handy for purposes of refer- 
ence by’ one encountering this type of case frequently, but it seems too cry'ptic 
and abridged to fulfill the needs of the student, and insufficiently detailed to satisfy 
the thoracic surgeon. Nevertheless, it is a convenient “refresher” to have on hand 
for the treatment of the occasional case. 



INDEX TO VOLUME 11 


AUTHORS INDEX* 

In this index following the author's name, the title of the subject is given as it 
appeared in the Journal. Editorials are also ineluded in the l!*-! and are indicated 
hi CE). 


X 

Adams, W. E, Steixeb, Paui. E, and 
Bloch, Eobert G. Malignant 
adenoma of the lung, 503 
Awe, George C, Fleeted, Lester C, 
Childress, IVilliam G, axd 
Perez, Hopacjo E ParaAerte 
bral thoratoplasti for the treat 
meat of pulmonarv tuberculosis, 
788 

Altemeiee, William A The pathoge 
mcitj of the hattena of ap 
pendicitis peritonitis, 374 
Arens, Robert a {See Kroll, Arens, 
Mesiro, Sitrau'-*, and Kecheles), 
810 

B 

Baikis, Samlel G {See Waldron and 
Balkin), 183 

Bin, Zfida B {See Visscher, Ball, 
Barnes, and isiiert'-cn), 48 
BiPCHiM, ItMxo S {See Bodenheinier i 
and Barchatu), 710 

Bapxes, Kichapd H. {See Visscher, Ball, 
Barnes, and Siiertsen), 48 
Bell, E T Exudatiie interstitial 
nephritis ( p) eloncphritis ) , 2bl 
Benedek, Tibor Fusospirochetal onj 
cilia and paronjclua, 75 
Beroii, Geopge 5> The sphincter mech 
amsni of the common hilc duit 
in human subject^, 299 
BEPMAX, V L, SXM’E, E, AM) IlA, A 
f The effect of bile salts on 
recoverj of Iner function after 
rcic i'-e of common du< t ob 
ctruction, 1 

Bi A!«‘ R VI I pin A tompin»on of the 
cffeits of the local applicition 
of heat and of >o!d in the pre 
lention and trc itmenl of ex 
jjenmcnt v! Iraiini itic 'hock, ‘,~>h 

(.s,r LittU, Harri'on, ind BUUnk), 

/O 2 

liiiH n, ItoiiiiT G (Sit Adiiiis Wtinir, 
tnO Bloi Iij, 501 

Hd'Voott iMifs H Vn oiiluilum of 
inli'linal “intiim in inti'tinal 
ob'trunum, 7 io 


Boais, Robert T. (See Chunn, Harkins 
and Boals), 50 

Bodexheijier, Milton, and Bapciiam, 
Irving S Skeletal manifesta 
tions of tlijroid dtceace, 710 

Bower'S, Ralph F The surgical treat 
ment of carcinoma of the stom 
ach in aged indmduals, S69 

Bo\r, Plond The proph>laNis of pento 
neal adhesions 118 

Bartons S {See Medoff and Burton), 
596 

Bltlep., M F (See Nadler and Butler), 
732 

C 

Casipbfll, Darp.elj, A Some obsena 
tions on the Quick luppunc acid 
test in hepatic function, 195 

Catteli, Rich.\ed B, and Stoarsaker, 
Evterett D. Recent advances in 
the surgical treatment of car 
cmoma of the colon and rectum, 
044 

Cmi dress, William G (See Adie, 
Huested, Cluldre-s, and Perez), 
788 

CiUNN, C Frank, Harkins, Henrn N , 
AND Bou s, Robep.t T ENpen 
mental studies on alimentarj 
azotemia III feite of blood 
absorption, 56 

COFFEV, Robert J Unilateral hiper 
tropin of the mas“eter muscle, 
815 

CoiLiNs, Conrad G (See Meed and 

I CoUiu'j, 292 

Copii AND, Mli.kan M Bone tumors 
with refereute to their treat 
ment, 4 )G 

I OPKAND, biDNFA M. The «eilemn 
anticuN factor in congenital tor 
ticoibs 624 

UoN, Fpank .T Rcaicia of the meeting 
of the Amcriean Acidemi of 
Ortliopcdic Surgeons, tenth an 
nual lonrention, Atlantic Citv 
N .1 , .Tan 111), 1942, Sle ‘ 

CoziN, U X Positioning m surgerv of 
the cNtremitiC', oOa 


•j .no iri l'I> 1 Ion 1 , bninn pf, ii't X-’J Vfi.rch pn •'(3--, 02, April no .V)3 (,7o 

M .A PP <7t NIO Jum pp NU-KKn • • II .>ua oiu 


992 


AUTHORS INDEX 


Craig, WiNciiELii McK. (^See Turner, 
Craig, and Kernolian) 81 

Crumpacicer, Leo K. {See Waugli, 
Herrell, and Crnmpacker), 385 

D 

DePree, Jaaies P. {See Metz, House- 
holder, and DePree), 586 

Dowdy, Andrew H. {See Stabins and 
Dowdy), 898 

DRASH, E. C., and IVOODWARD, pLETCHER 
D. The treatment of impene- 
trable esophageal strictures by 
a combined intraesophageal and 
extraesophageal approach, 886 

P 

Peder, J. M. {See Wrenn and Peder), I 
456 1 

Pong, E. E. {See McCorkle and Pong), 
851 

Fueedand, M. E. (See Theis and Pree- 
land), 101 

Fricke, Bobert E. {See Madding and 
Pricke), 45 


G 


Gage, 


Mius. Traumatic injuries to 
peripheral vessels in both civil 
and military practice, 983 (P) 
Garcia, Manuel. {See Pearson and 
Garcia), 636 

German, William J. Surgical treat- 
ment of spasmodic facial tic, 
912 

Gibson, John G., II. (See ICeeley and 
Gibson), 527 

Grantham, Everett G. (See Mayfield 
and Grantham), 589 
Gray, Howard K., and Skinner, Ira C. 
Hemorrhagic cysts of the lung: 
report of two cases in whicli 
marsupialization was done, 777 
GUPTILL, Plimpton. Acute iodism dur- 
ing the treatment of toxic goi- 
ter, 962 


Hart, Vernon L. Impacted fracture of 
the hip, 472 (P) 

Eeduction of supracondylar fracture 
in children, 33 

Harvey, H, D., Meleney, P. L., and 
Bennie, J. W. E, Peritonitis. 
III. Studies in peritoneal pro- 
tection with particular refer- 
ence to action of sulfonamide 
drugs in experimental perito- 
nitis, 244 

Harvey, Samuel C. {See Taffel and 
Harvey), 841 

Hedin, Baymond P. {See Kabat and 
Hedin), 766 

Herrell, Wallace E. {See Waugh, 
Herrell, and Crumpacker), 385 

Holcombe, E. Gordon, Jr. {See Storck 
and Holcombe), 703 

Holman, Cranston W., and McSwain, 
Barton. Transthoracic esopha- 
gogastrostomy, 882 

Horsley, Guy W. {See Poer and Hors- 
ley), 653 

Horwitz, Thomas. The effect of sulfa- 
nilamide crystals, used top- 
ically, on the fate of trans- 
planted bone, 690 

Householder, Baymond. (See Metz, 
Householder, and DePree), 586 

Huested, Lester C. (See Adie, Suested, 
Childress, and Perez), 788 

Hyndman, Olan E. Treatment of ma- 
jor wounds of the skull. I. 
Cerebral fungus: treatment by 
skin grafting, 466 


Hall, 


H 

Howard. (See Kreraen, Hall, 
Koschnitzke, Stevens, and Wan- 
gensteen), 333 , , , 

Harken DWIGHT E. Congenital mul- 
HaRKE of the icetum and 

anus, 422 

.. Wrvpv N (See Cliunn, Har- 

Harkins, Henry I 

Hns and Boals), do . 

, qonBG Eichard. The surgical 
— and of varicose rews: 

of individuaUzatiou 
importance procedure, 402 


in 






Ivy, a. C. (See Berman, Snapp, and 
Ivy), 1 

If 

Kabat, Herman, and Hedin, Baymond 
F. A nervous factor in the 
etiology of shock in burns, 766 
Kasinsems, Williaji. (Sec Khoads 
and Kasinskas), 38 

Katz, L. N. (See Megibow, Katz, and 
Steinitz), 19 
Kawaichi, G. K. (See Tashiro, Pratt, 
Kobayashi, and Kawaichi), 671 
Keating, F. EAYitoND, Jr.., Power, 
Marschelle H., and Priest- 
lev, James T. Postoperative 
cholorrhca, 398 
Keeley, .Tohn L., and Gibso.n, .Toiin G., 
II. Experimental atelectasis in 
dogs, 527 

Kek-nohan, .Tames W. (Sec Turner, 
Craig, and Kernohan), 81 
Kodayasiii, X. (See Tashiro, Pratt, 
Kobayashi, and Kawaichi), 073 



AUTHORS ES'DEX 


993 


Kooistba, Hen'RY P. Pilonidal sinuses 
occurring over tlie higher spinal 
segments with report of a case 
involving the spinal cord, 63 

Koschnitzke, HiRMAK K. {See Kre- 
men, Hall, Koschnitzke, Ste- 
vens, and Wangensteen), 333 

Kozonn, Doxald D., axd Kecheles, H. 

A study of gastrointestinal mo- 
tility in the dog following ileo- 
colostomy and partial colonic 
resection, 360 

Kremex, Aexold J., Hael, Howard, 
Koschxitzke, Herjtax K., 
Stevexs, Beatrice, axd Wax- 
gexsteex, Owex H. Studies on 
the intravenous administration 
of whole bovine plasma and se- 
rum to man, 333 

Kkoel, H., Arexs, Hobert A., Mesirow, 
S., Strauss, S. P., axd Nech- 
ELES, H, Ijocalization of bis- | 
mutli in the kidney, 810 

L, 

Little, James Maxwell, Harrisox, 
Carkixgtox, and Blalock, Al- 
fred. Chylothorax and chylo- 
peritoneum, 392 

Long, Carroll H., axd Ochsxer, Al- 
ton. Intravenous pentothal so- 
dium auestliesia, 474 

Lord, Jere W., Jr. (See Quinn, Lord, 
and Wade), 229 

— . {See Quinn, Lord, and Wade), 233 
M 

Madding, Gordon F., and Fricke, Bob- 
ERT E. Secondary or postop- 
erative parotitis, 45 

Martin, J. D., Jr., and Robertson, Roy. 

Blood studies during anesthesia, 
11 

M.vyfield, Frank H., and Grantiiaii, 
Everett G. Spinal extradural 
cysts, 589 

McCorkle, H., axd Foxg, E. E. Tlie 
clinical significance of gas in 
the gall bladder, 851 

McLaugiillv, Charles W., Jr, The 
.surgical treatment of large car- 
buncles in diabetic and nondi- 
abetie individuab, 797 

McSw.vi.N, Barton. (See Holman and 
JlcWwain;, SS2 

Meiioff, .losErn, and Burton, S. a 
ciise of shock and hj-perpyrexia 
induced by intravenous glucose 
infusion, .VJO 

Meoibow, R. .S.. Katz, L, X,, a.nd .‘stei.n- 
ITZ, P. fs. Dynamic ciianges in 
experimental pulmonarv embo- 
lism, 19 

Mei.f.M'Y. P- L- (See Harvov, Mclenev, 
and Rennie), 214 


Mesirow, S. (See Kroll, Arens, Mes- 
irow, Strauss, and Neeheles), 
810 

Metz, Aether E., Householder, Ray- 
mond, AND DePree, Jajies F. 
Obstruction of the stomach due 
to congenital double septum 
with cyst formation, 586 

X 

Xadler, Sajiuel B., and Butler, M. F. 

The ceplialin-cliolesterol floccu- 
lation test in the jaundiced pa- 
tient, 732 

Xecheles, H. {See Kozoll and Xeeh- 
eles), 360 

— . {See Kroll, Arens, Mesirow, 
Strauss, and Xecheles), 810 
— . (See Schwartz, Reingold, and Xech- 
eles), 746 

— , and Olson, Wm, H. Experimental 
investigation of gastrointestinal 
secretions and motility follow- 
ing bums and their relation to 
ulcer, 751 

Xessa, Curtis B. (See Paine and 
Kessa), 281 

O 

Ochsxer, Alton. The use of refrigera- 
tion combined with vasodilata- 
tion to preserve vitality in a 
relatively ischemic extremity, 
819 (E) 

— , (See Long and Oehsner), 474 
Olson, Wm. H. (See Xeeheles and 
Olson), 751 

P 

Paine, John R., and Nessa, Curtis B. 

Observations on the distribu- 
tion and transport of gas in the 
gastrointestinal tract of infants 
and young children, 281 
Papermaster, Ralph. (See Sperling, 
Weisman, and Papermaster), 
600 

P.ARTIPILO, A. V., AND WlLTRAKIS, G. A. 

Duodenal obstruction, 557 
Pearse, Hep.aian E. IMiipple’s dis- 
ease, or intestinal lipodys- 
trophy, 900 

PEAnso.N, Bjarne, and Garcia, Ma.vuel. 

Intestinal obstruction as a 
phase of carcinoma of tlie cer- 
vix, 036 

Perez, Hopacio E. (Scr Adie, Hue.sted 
Childrc.ss, and Perez), 7SS ’ 
PoEP., D. Henry, and Horsley, Guy W 
Review of the Sontliem .Snr- 
1 gical Association .Meeting, Dec. 

9-11, 1941, Pincliurst, X C 
I r.sa ’ ■ > 



994 


AVTuoss imnx 


Pool, J LAwniNrr Mjeloscopj • m 
traspmal endoscopy, 169 
POPPE, J. K. The use of a cold air 
blast on piecanceious shin le 
sions and hemangiomas, 400 
Power, JIarsciiflie H (See Keating, 
Poner, and Pnestlej), 398 
Pratt, 0 B (See Tasl,„o, Pratt, 
Kobaj.ishi, and Kawaiehi), 071 
Prifstlf\, Jamfs T (See Keating, 
Poiier, and Pnestlej), 198 

Q 


Siegel, Sigmund A Eecent surgical 
physiology of the pancreas, 821 

SiMEONE, F A. (See Qumbi and 
Simeone), 544 

Sn'ERTSEN, IVAR (See Visscher, Ball, 
Barnes, and Sneitsen), 48 

Skinner, Ira C (See Graj and Skin 
nei), 777 

Snapp, E (See Berman Snapp, and 
Ivj), 1 

Sparkman, Egbert S, and Williams, 
IViLLiAM H The employment 
of cotton suture material in the 
field, 698 


Quinby, Wm C, and Simeone, P. A 
Some obseraations on acute 
renal hypertension, 644 
Quinn, William C, Lord, Jire W, Jr, 
and Wadf, Leo J. Gas gan 
giene of the abdominal wall, 
233 

— , — , and — Welch bacillus infee 
tions arising from the stomach 
and duodenum, 229 


R 

Ray, Bronson S, and Stew \rt, Haroid 
J. Obsen.it ions and surgical 
aspects of the carotid sinus le 
flex in man, 915 

Reingold, Irving (See Schwaitz, Rein 
gold, and Necheles), 74G 

Rennie, J W R (See Haivey, Mel 
eney, and Rennie), 244 

Rhoads, Jonathan E , and Kasinskas, 
William The influence of hy 
poproteineniia on the formation 
of callus in expei imental frac 
ture, 3S 

Rives, J D Splenectomy, 223 

Robertson, Box (See Mai tin and 
Robertson), 11 

Rogliano, Albert G. Tm o cases of 
rat bite feier, G32 

Roorke, G Margaret (See Steuait 
and Rourhe), 939 

S 

SCHUG Richard (See Haihins and 
' Schug), 402 

Schwartz, Arthur H , Reingold, Ir 
aing, and Neohfles, H a 
study on the mechanism of ac 
tion of prostigiiiine on intes 
tinal motility m the human be 
me and m the dog, i4G 

- *-,"ra:ys,;r3“« 

of procAine injections of the 
sympathetic nerie-, 


949 


Spence, Harra' M Meeting of the 
Biological Section of the South 
era Medical Association, St 
Louis, Mo, No\. 12 A 13, 1941, 
490 

Sperling, Louis, Weisman, Sidney, and 
Papermaster, Ralph The ef 
feet of intravenous theophyl 
line Avith ethylene diamine 
(nininophylline) upon the rate 
and depth of respiration, COO 

Stabins, Samuel J, and Dowdy, An 
DREW H Carcinoma of the 
bieast, 898 

Steiner, Paul E (See Adams, Steiner, 
and Bloch), 503 

Steinitz, F S (See Megiboa, Katz, 
.and Steinilz), 19 

Stevens, Beatrice (See Kremen, Hall, 
Koschnitzke, Steiens, and Wan 
gensteen), 333 

Stem APT, Harold J (See Ray and 
Stenart), 935 

STEWAht, JOHX D, AND ROURKF, G 
Margaret Vitamin A content 
of plasma and hepatic tissue 
biopsied at operation effects 
of preoperatiie therapy iii oh 
stiuctiie jaundice, 939 

Storck, Ambrose H, and Holcombe, R 
Gordon, Jr Tlie me of estro 
genic substances in the pieop 
cratiie and postopeiatne treat 
iiient of hyperfiiyioidism, 703 
Strauss, S F (See Kroll, Arens, 
MesiroAA, Stiauss, and Nedi 
cles), 810 

Slgakbaker, Eaikitt D (See Cittcll 
and Sugarhaker), 041 


T 


Taifll, M.a\, and Hariia, Samufi C. 

LudiMg'a angiiu, 841 
Tasiiiio, K, Pi att, 0 B, Kobaxasiii, 
N, AND Kaaa All HI, G 1C The 
loc.il mipl intatioii of sulfiiml 
aiiiulc in the peritoiieil (UaiIa 
ami its cliiiK il appheatum in 
peritonitis, 071 



AUTHORS IXDEX 


995 


Theis, Frank V,, and Freeland, SI. E. 
TliTomboangiitis oHitexans, 101 

Turner, Oscar A., Craio, SVinchell 
SIcK., and KeRNOHAN, JA^tES 
IV. SlaHgnant meningioma.'^, 81 

S' 

STsschek, SIaurice B., Ball, Zelda B., 
Barnes, Richard H., and 
S ivERTSEN, IvAR. The influence 
of caloric restriction upon the 
incidence of spontaneou.s mam- 
mary carcinoma in mice, 48 

SV 

SVade, Leo .T. (iSec Quinn, Lord, and 
SVade), 229 

— . {See Quinn, Lord, and SS’ade), 233 

Waldron, Carl SS'., and Balkin, Sam- 
uel O. Fractures of the max- 
illa, 1S3 

SVangensteen, Owen H. {See Kremen, 
Hall, Koschnitzke, Stevens, and 
SVangensteen), 333 


Waugh, John M., Herrell, SS'allace 
E,, AND Crumdacker, Leo K. 
Peptic ulcer in Meckel’s di- 
verticulum causing intrinsic in- 
testinal obstruction, 385 

Weed, John C., and Collin.?, Conrad G. 
Cystic degeneration of the 
ovaries, 292 

SS'eissi.an, Sydneu. (See Sperling, Weis- 
man, and Papermaster), 600 

White, Edgar H. Polyostotic flbrous 
dyspla.sia, 607 

William.?, William H. (See Sparkman 
and Williams), 698 

WiLTRAKis, G. A. (See Partipilo and 
Wiltrakis), 557 

Woodward, Fletcher D. (See Brash 
and Woodward), 886 

Wbenn, Frank, and Feder, J. M, As- 
piration biopsy, 456 

T 

Young, Forrest. Function of the lower 
.iaw following partial resection, 
966 



SUBJECT INDEX=^ 


Book roMews aie indicated bj 
{E) after tlie page number. 


(B. Bei ) aftei the page number , editorials b} 


A 


A, iitarain, content of plasma and lie 
patic tissue biopsied at opeia 
tion- effects of pieopeiatne 
therapj in obstiuctne jaundice 
(Sfei.aif and Kourke), 9?>9 

Abdominal nail, gas gangiene of (Qmnn 
et ak), 233 

Accidental injuries, 98S (B Eev ) 

Adenoma of lung, malignant (Adams et 
al ), 503 

Adhesions, dense, method of mobilizing 
spleen in presence of (Rues), 
223 

peiitoneal, prophjlaxis of (Bojs), 118 

Aged individuals, carcinoma of stomach 
in, surgical ticatment of (Bow 
ers), 809 

All blast, cold, use of, on prccancerous 
skin lesions and hemangiomas 
(Poppe), 400 

Alimentaij azotemia, experimental stud 
les on (Chunn et al ), 56 

American Acadenij of Orthopedic Sui 
geons, tenth annual conien 
tion, leiiew of meeting of. At 
lantic City, N J, ,Tan 11 15, 
1942 (Cox), 832 

Aminophj lime, ethjlene diamine, effect 
of intraienous theophylline 
ivith, upon rate and depth of j 
respiration (Spelling et al ), 
000 


Anesthesia, blood studies duiing (JIaitin 
and Robertson), 11 

intravenous pentotlial sodium (Long 
and Oohsner), 474 

Angina Ludwig’s (Taffel and Haiiej), 
841 


Anticus, scalenus, 
torticolli; 


factor in congenital 

(Copland), G24 

Anus and rectum, congenital in£fornia 
tions of (Harken), 422 
sigmoid colon, diagnosis and treat 
ment, 501 (B Rev.) 

Appendicitis peritonitis pathoge.i.eit, 
of bacteria of (Altenicier), 3(4 
Annhance, simplified, for cranioniaxil 
larj suppoit and 
fractures of niaxiHa (Baldron 
and Balkin), 18^ 


Arteii.al blood oxjgen studies during 
treatment of thromboangiitis 
obliterans, with sodium tetra 
thionate and sodium thiosul 
fate, clinical obsei rations and 
(Theis and Freeland), 101 
Aspiiation biopsj (Wrenn and Feder), 
45G 

Atelectasis in dogs, expeiimental (Kee 
ley and Gibson), 527 
Azotemia, alimentaij, experimental stud 
les on (Chunn et al ), 56 

B 

Bacteria of appendicitis peritonitis, 
pathogenicitj of (Alteineier), 
374 

Bile duct, common, sphincter media 
nism of, in human subjects 
(Bergh), 299 

salts, effect of, on reooierj’ of luer 
function after release of com 
mon duet obstruction (Berman 
et al ), 1 

Bismuth in kidnej, localization of 
(Kroll et al ), 810 

Blood absorption, site of, and cxperi 
mental studies on aliinentarj 
azotemia (Chunn et al ), 50 
bank and technique and theinpciitics 
of transfusion, 089 (B Rei ) 
flow, pulraonnij, effect of experimcn 
tal atelectasis in dogs on (Kee 
lej and Gibson), 527 
gases, effect of experimental atelcc 
tasis in dogs on (Keelcj and 
Gibson), 527 

oxjgen, arterial, studies during treat 
ment ot thromboangiitis oblit 
erans with sodium tetrathionatc 
and sodium thiosulfate, clin 
ical observations and (Thcis 
and Freeland), 101 

studies during anesthesia (Martin and 
Robertson), 11 

Bone, transplanted, effect of sulfanil 
amide crjst.ils, u«ed topicallj, 
on fate of (Horwitz), 090 
tumors with reference to their treat 
ment (Copel.ind), J'16 


.IT. 1 IfiS Febiuan. PIi 3<>a 342, Jliich 
• January, pp 1 ^ mm 


Ma;-!“pp"on-sTo, June; pp SH-lOW 


pp ^33-■»02 Aprfi pp 


906 



SUBJECT INTJEX 


997 


Book reviews, 331-332, 501-502, GGf», 9SS- 
990 

Books received, 6G9-670 

Bovine plasma, whole, and serum to 
man, intravenous administra- 
tion of (Krenien et al.), 333 

Breast, carcinoma of (Stabins and 
Dowdy), SOS 

Burns, shock in, nervous factor in etiol- 
ogy of (Kabat and Hcdin),766 
and their relation to ulcer, experimen- 
tal investigation of gastrointes- 
tinal secretions and motility fol- 
lowing (Necheles and Olson), 
751 

treatment of (Oxford IVar Manuals'), 
501 (B. Rev.) 

C 

Callus, influence of hypoproteinemia on 
formation of, in experimental 
fracture (Rhoads and Kasin- 
skas), 38 

Calorie restriction, influence of, upon 
incidence of spontaneous mam- 
mary carcinoma in mice ('^’'is- 
seher et al.), IS 

Carbuncles, large, surgical treatment of, 
in diabetic and nondiabetic in- 
dividuals (McLaughlin), 797 

Carcinoma, breast (Stabins and Dowdy), 
898 

cervix, intestinal obstruction as phase 
of (Pearson and Garcia), 636 
colon and rectum, recent advances in 
surgical treatment of (Cattell 
and Sugarbaker), 614 
spontaneous mammary, in mice, in- 
fluence of calorie restriction up- 
on incidence of (Visscher et 
al.), 48 

stomach in aged individuals, surgical 
treatment of (Bowers), 869 

Carcinoma-like tumors of lung with long 
clinical course (Adams et al.), 
503 

Carotid sinus reflex in man, observations 
and surgical aspects of (Ray 
and Stewart), 915 

Cephalin-cholesterol flocculation test in 
jaundiced patient (Nadler and 
Butler), 732 

Cerebral fungus : treatment by skin 
grafting; on major wounds of 
skull (Hyndman), 466 

Cervix, carcinoma’ of, intestinal obstruc- 
tion as phase of (Pearson and 
Garcia), 636 

Children and infants, distribution and 
transport of gas in gastro- 
intestinal tract of (Paine and 
Messa), 281 

Cholorriiea, postoperative (Keating et 1 
al.), 198 I 


Chyle, aspirated, effects of reintroduc- 
tion of; chylotliorax and chylo- 
peritoneum (Little et al.), 392 

Chyloperitoneum and chylotliorax (Lit- 
tle et al.), 392 

Chj-Iothorax and chvloperitoneum (Lit- 
tle et al.), 392 

Circulation time, effect of experimental 
atelectasis in dogs on (Keeley 
and Gibson) , 527 

Circulatory collapse, profound periph- 
eral, due to excessive loss of 
fluid and electrolytes through 
a T-tube; postoperative cholor- 
rhea (Keating et al.), 198 

Civil and military practice, traumatic 
injuries to peripheral vessels in 
(Gage), 983 (E) 

Clinics, surgical, of North America, 990 
(B. Rev.) 

Coagulability, blood, photo-electric study 
of, in hemorriiagic diseases, 502 
(B. Rev.) 

Cold air blast, use of, on precancerous 
skin lesions and hemangiomas 
(Poppe), 460 

and heat, comparison of effects of 
local application of, in preven- 
tion and treatment of experi- 
mental traumatic shock (Bla- 
lock), 356 

Colon and rectum, carcinoma of, recent 
advances in surgical treatment 
of (Cattell and Sugarbaker), 
644 

Colonic resection, partial, gastrointes- 
tinal motility in dog following, 
and ileocolostomy (Kozoll and 
Necheles), 360 

Common duct obstruction, effect of bile 
salts on recovery of liver func- 
tion after release of (Berman 
et al.), 1 

Congenital double septum with cyst 
formation, obstruction of stom- 
ach due to (Metz et al.), 586 
malformations of rectum and anus 
(Harken), 422 

torticollis, scalenus anticus factor in 
(Copland), 624 

Cotton suture material, employment of, 
in field (Sparkman and Wil- 
liams), 698 

Crystals, sulfanilamide, effect of, used 
topically, on fate of trans- 
planted bone (Horwitz), 690 

Cyst formation, congenital double sep- 
tum with, obstruction of stom- 
ach due to (Metz et al.), 586 

Cystic degeneration of ovaries (Weed 
and Collins), 292 

Cysts, hemorrhagic, of lungs; cases in 
wliich marsupialization was 
done (Gray and Skinner), 777 
spinal extradural (Mayfield and 
Grantham), 589 



SUBJECT INDEX^i^ 

Book reviews are indicated by (B. Eev.) after the page number; editorials bv 
-) after tlie page number. 


A 


A, vitamin, content of plasma and he- 
patic tissue biopsied at opera- 
tion: effect.s of preoperative 
therapy in obstructive jaundice 
(Steivart and Eourke), 939 

Abdominal wall, gas gangiene of (Quinn 
et ah), 233 

Accidental injuries, 988 (B. Eev.) 

Adenoma of lung, malignant (Adams ct 
ah), 503 

Adhesions, dense, method of mobilizing 
spleen in presence of (Elves), 
223 

peritoneal, proph}daxis of (Boys), IIS 

Aged individuals, carcinoma of stomach 
in, surgical treatment of (Bow- 
ers), 809 

Air blast, cold, use of, on precaiicerous 
skin lesions and hemangiomas 
(Poppe), 400 

Alimentary azotemia, experimental stud- 
ies on (CImnn et ah), 50 

American Academy of Orthopedic Sur- 
geons, tenth annual conven- 
tion, review of meeting of, At- 
lantic City, N. J., Jan. H-15, 
1942 (Cox), 832 

Aminophylline, ethj'lene diamine, effect 
of intravenous theophylline 
with, upon rate and depth of , 
respiration (Sperling et ah), 
600 


Anesthesia, blood studies during (Jlartin 
and Eobertson), 11 

intravenous penfotlial sodium (hong 
and Ochsner), 474 

Angina, Ludwig’s (Taffel and Haivey), 


841 

Antious, scalenus. 


torticollis 
Anus and rectum, 
tions of 
sigmoid colon : 


factor in congenital 
(Copland), 624 
congenital malforraa- 
(Harken), 422 
diagnosis and treat- 

and Balkin), iSo 


, „„„aicitis 'peritonitis, pathogenicity 
Append ^t (Altemcier), 374 


Arterial blood oxygen studies during 
treatment of thromboangiitis 
obliterans, with sodium tetra- 
thionate and sodium thiosul- 
fate, clinical observations and 
(Theis and Freeland), 101 
Aspiration biopsy (Wrenn and Feder), 
450 

Atelectasis in dogs, experimental (Kee- 
Icy and Gibson), 527 
Azotemia, alimentary, experimental stud- 
ies on (Chunn et ah), 50 

B 

Bacteria of appendicitis peritonitis, 
pathogenicity of (Altemeier), 
374 

Bile duct, common, sphincter mecha- 
nism of, in human subjects 
(Bergh), 299 

salts, effect of, on recovery of liver 
function after release of com- 
mon duct obstruction (Berman 
et ah), 1 

Bismuth in kidney, localization of 
(Eroll et ah), 810 

Blood absorption, site • of, and e.vperi- 
mental studies on alimentary 
azotemia (Chunn et ah), 50 
bank and technique and therapeutics 
of transfu.sion, 989 (B. Eev.) 
flow, pulmonary, effect of experimen- 
tal atelectasis in dogs on (Keo- 
I ley and Gibson), 527 

gases, effect of experimental atelec- 
tasis in dogs on (Keeley and 
Gibson), 527 

oxygen, arterial, studies during treat- 
ment of thromboangiitis oblit- 
erans with sodium tetrathionate 
and sodium thiosulfate, clin- 
ical observations and (Theis 
and Freeland), 101 

studies during ano.'-the.sia (Jlartin and 
Eobert.son), 11 

Bono, transplanted, effect of sulfanil- 
amide crystals, used topically, 
on fate of (Horwitz), 090 
tumors with reference to their treat- 
ment (Copehind), 430 


— 1 IfiS- Febiunn-. Pl>- ]r,»-332; March, 

•January. pp. Stl-lOW. 

May, PP- Gil-Mo. 


r,r,3-r,()2 ; April, pp. 003-070 : 


996 



SUBJECT INDEX 


999 


G 

Gall blaclJer, gas in, chmcal significance 
of (McCorlvle and Fongl, 851 

Gangrene, gas, of abdominal nail 
(Qumn et al.), 233 

Gas, distribution and transport of, m 
gastrointestinal tract of infants 
and young cliildren, obser\a 
tions on (Paine and Nessa), 
281 

in gall bladder, clinical significance 
of (McCorkle and Fong), S51 
gangrene of abdominal wall (Quinn et 
al.), 233 

Gastrointestinal motilitj- in dog follow 
ing ileocolostomj and partial 
colonic resection (Kozoll and 
Necheles), 3G0 

secretions, and motility following 
burns and their relation to ul 
cer, experimental iniestigation 
of (Neoheles and Olson), 751 
tract, of infants and young children, 
distribution and transport of 
gas in (Paine and Nessa), 281 

Glucose infusion, intraienous, sliock and 
bjperpirexia induced by (Med 
off and Burton), 596 

Goiter, toMC, acute lodism during treat 
ment of (Guptill), 962 

H 

Heat and cold, comparison of effects of 
local application of, in preien 
tiou and treatment of experi 
mental traumatic shock (Bia 
lock), 356 

Hemangioma of liver (Sliumacker), 209 

Hemangiomas and pieeaneerous skin le 
Bions, use of cold air blast on 
(Poppe), 460 

Hematocrit, effect of experimental at 
eleetasis in dogs on (Keeley 
and Gibson), 527 

Hemoglobin, effect of experimental at 
eleetasis in dogs on (Keeley 
and Gibson), 527 

Hemorrhagic ejsts of lung, cases in 
nbieh marsupialization nas 
done (Gray and Skinner), 777 
diseases, photoelectric studj of blood 
coagulabilitj , 502 (B. Eev ) 

Hepatic function, Quick hippuric acid 
test in (Campbell), 195 
tissue and plasma, vitamin A content 
of, biopsied at operation, ef 
feets of preoperatne therapy m 
obstruetne jaundice (Rtenart 
and Eourke), 939 

Hip, impacted fracture of (Hart), 472 

(F) 

Hippunc acid test, Quick, m hepatic 
function (Campbell), 195 


Human being and dog, mechanism of 
action of piostigmiiie on in- 
testinal motility m (Solmartz 
et ak), 746 

Hj-perpyrexia and shock induced by in- 
travenous glucose infusion 
(Medoff and Burton), 596 

Hjpertension, acute renal (Quinby and 
Siineone), 544 

Hyperthjroidism, preoperatne and post- 
operative treatment of, use of 
estrogenic substances in (Storek 
and Holcombe), 703 

Hj-pertropby, unilateral, of niasseter 
muscle (Coffej), 815 

Hypoproteineniia, influence of, on forma 
tion of callus in experimental 
fracture (Elioads and Kasin 
skas), 38 


Ileocolostomj and partial colonic re 
section, gastrointestinal moti! 
itj- m dog following (Kozoll 
and Neelieles), 360 

Impacted fracture of hip (Hart), 472 

Infants and joung children, distribution 
and transport of gas in gas 
trointestinal tract of (Paine 
and Nessa), 281 

Infections, Welch bacillus, arising from 
stomach and duodenum (Quinn 
et al ), 229 

Injections, procaine, of sjunpathetic 
nerves, \alue of skin resistance 
studies in determining accu 
racy of (Sliumacker), 949 

Injuries, accidental, 988 (E. Eev.) 
traumatic, to peripheral vessels in both 
civd and military practice 
(Gage), 983 (E) 

Instrument, improved, observations witli, 
on aspiration biopsy (Wrenn 
and Feder), 456 

Interstitial nephritis, exudative, pjelo 
nephritis (Bell), 261 

Interiertebral disc, mtli special refer- 
ence to rupture of annulus 
fibrosus witii berniatiott of nu 
cleus pulposus, 331 (B Bei.) 

Intestinal lipodjstroplij, or lYliippIe’s 
disease (Pearse), 906 
motilitj’, mechanism of action of pro 
stigmine on, in human being 
and dog (Schuartz et al ), 746 
obstruction, as phase of carcinoma of 
cervix (Pearson and Garcia), 
636 

evaluation of intestinal suction in 
(Blodgett), 739 

intrinsic, peptic ulcer in Meckel’s 
diverticulum eau‘-mg (Waugh 
et al ), 385 

suction in intestinal obstruction, an 
eialuation of (Blodgett), 739 



998 


SUBJECT INDEX 


D ■ 

Degeneration, cystie, of ovaries (Weed 
and Collins), 202 

Diabetic and nondiabcfic individuals, 
surgical treatment of large car- 
bunelcs in (MeLangldin), 797 

Diamine, ethj-leno (aniinopliylline), ef- 
fect of intravenous theophylline 
n-ith, upon rate and depth of 
respiration (Sperling et al.l, 
600 

Disease, thyroid, skeletal manifestations 
of (Bodenheimer and Bar- 
chani), 710 

AVhipple’s, or intestinal lipodvstropliv 
(Pearse), 906 

Distribution and transport of gas in 
' ‘ ‘ “ct of infants 

(Paine and 

Nessa), 281 

Diverticulum, Meckel’s, peptic ulcer in, 
causing intrinsic intestinal ob- 
struction (AVaugh et al.), 385 

Dog and human being, mechanism of ac- 
tion of prostigmine on intes- 
tinal motilitv in (Schwartz et 
al.), 746 

Duct, common bile, sphincter mechanism 
of, in human subjects (Bergh), 
299 

obstruction, common, effect of bile 
salts on recovery of liver func- 
tion after release of (Berman 
et al.), 1 

Duodenal obstruction (Partipilo and 
AA’iltrakis), 557 

Duodenum, and stomacli, AA'elcb bacillus 
infections arising from (Quinn 
et ah), 229 

Dynamic changes in experimental pul- 
monary embolism (Megibow et 
ah), 19 

Dysplasia, polyostotic fibrous (AVhifc), 
607 


Estrogenic substances, use of, in preop- 
crativo a'nd postoperative treat- 
ment of hyperthyroidism 
(Storck and Holcombe), 703 

Ethylene diamine (aminophylline), ef- 
fect of intravenous theophyl- 
line with, upon rate and depth 
of respiration (Sperling et ah), 
600 

Etiology of shodv in burns, nervous fac- 
tor in (Ivabat and Hedin), 766 

Experimental fracture, influence of liy- 
poproteinemia on the formation 
of callus in (Rhoads and Kasin- 
skas), 38 

pulmonary embolism, dynamic changes 
in (Megibow et ah), 19 
studies on alimentary azotemia (Cliunn 
et ah), 56 

Extradural cysts, spinal (Mayfield and 
Grantham), 589 

Extraesophageal and intraesophageal 
approach, combined, treatment 
of impenetrable esophageal 
strictures by (Drash and AA’ood- 
ward), SS6 

Extremities, positioning in surgery of 
(Cozen), 605 

Extremity, relatively ischemic, use of re- 
frigeration combined with vaso- 
dilatation to preserve vitality in 
(Oehsner), 819 (E) 

Exudative interstitial nephritis, pyelo- 
nephritis (Bell), 261 


Facial 


troat- 


E 

Editorials, 472, 819, 983 
Electrolytes, excessive lo.ss of fluid and, 
’ through a T-fiibe, profound 
peripheral circulatory collapse 
due to, postoperative cholorrhea 
(Keating ct ah), 198 
Embolism, experimental pnlmonap-, dy- 
namic changes in (Megibow et 
ah), 19 

Endoscopy, intraspina! (Pool), 169 
Fsoohageal strictures, impenetrable, 
t„,ent of, by rombmed in- 
traesophageal and e.vfroesophag- 
eal approach (Dra.di and A\ ood- 

nard), SS (ransthoracic 

Esophagog^suostom., gS, 


tic, spasmodic, surgical 
ment of (German), 913 
Fever, rat-bite (Rogliano), 632 
Flocculation test, cephalin-cholestcrol, 
in jaundiced patient (Nadicr 
and Butler), 732 

Fluid and oleetrolyte.s, exccs.sive lo.=s of, 
through a T-tubc, profound 
peripheral circulatory collapse 
due to; postoperative cholorrhea 
(Keating ct ah), 198 
Fracture, experimental, influence of hy- 
poproteinemia on the formation 
of callus in (Rhoads and Kii- 
sinskas), .38 

of hip, impacted (Hart), 472 
suprarondylar, reduction of, in chil- 
dren (Hart), .3.3 

FraeUires of iimxilhi (AValdron and 
Balkin), 183 
Fungus, cerebral; treatment by .skin 
grafting, on major wounds of 
skull (Hjmdman), 400 
Fu«oepirochetal onychia and paronychia 
(Bcncdck), 7.7 



SUBJECT IXDEX 


1001 


0 

Obliterans, thromboangiitis (Theis and 
Freeland), 101 

Obstruction, duodenal (Partipilo and 
IViltrakis), 557 

intestinal, and evaluation of intestinal 
suction in (Blodgett), 739 
as phase of carcinoma of cervix 
(Pearson and Garcia), 636 
intrinsic intestinal, peptic ulcer in 
Mechel’s diverticulum causing 
(Waugh et al.), 385 
of stomach due to congenital double 
septum Tvith cyst formation 
(Metz et al.)> 586 

Onychia and paronychia, fusospirochetal 
(Benedek), 75 

Ovaries, cystic degeneration of (AVeed 
and Collins), 292 

Oxygen, arterial blood, studies during 
treatment of tliromboangiitis 
obliterans vrith sodinm tetra- 
tbionate and sodium thiosul- 
fate, clinical observations and 
(Theis and Freeland), 101 

P 

Pancreas, recent surgical physiology of 
(Siegel), 821 

Paravertebral thoracoplasty for treat- 
ment of pulmonary tuberculosis 
(Adie et ah), 788 

Paronychia and onychia, fusospirochetal 
(Benedek), 75 

Parotitis, secondarj' or postoperative 
(Madding and Fricke), 45 

Pathogenicity of bacteria of appendi- 
citis peritonitis (Altemeier), 
374 

Pentothal sodium anesthesia, intraven- 
ous (Long and Ochsner), 474 

Peptic ulcer in Meckel’s diverticulum 
causing intrinsic intestinal ob- 
struction (Waugh et ai.), 385 

Peripheral circulatory collapse, profound, 
due to excessive loss of fluid 
and electrolytes through a T- 
tube; postoperative cholorrhea 
(Keating et ah), 198 
vessels, traumatic injuries to, in both 
civil and military practice 
(Gage), 9S3 (F) 

Peritoneal adhesions, prophylaxis of 
(Boys), 118 

cavity, local implantation of sulfa- 
nilamide in, and its clinical ap- 
plication in peritonitis (TasUiro 
et ah), 671 

protection, action of sulfonamide 
drugs in experimental perito- 
nitis (Harvey et ah), 244 


Peritonitis (Harvey et ah), 244 
appendicitis, pathogenicity of bacteria 
of (Altemeier), 374 
clinical application in, local implanta- 
tion of sulfanilamide in perito- 
neal cavity and (Tashiro et 
ah), 671 

Photo-electric study of blood coagula- 
bility; hemorrliagic diseases, 
502 (B. Eev.) 

Physiology, Macleod’s, in modern medi- 
cine, 331 (B. Eev.) 

recent surgical, of pancreas (Siegel), 
821 

Pilonidal sinuses occurring over higher 
spinal segments, involving spi- 
nal cord (Kooistra), 63 

Plasma, vitamin A content of, and he- 
patic tissue biopsied at oper- 
ation ; effects of preoperative 
therapy in obstructive jaundice 
(Stevrart and Eourke), 939 
volume, effect of experimental atelec- 
tasis in dogs on (Keeley and 
Gibson), 527 

whole bovine, and serum to man, in- 
travenous administration of 
(Kremen et ah), 333 

Polyostotic fibrous dysplasia (White), 
607 

Positioning in surgery of extremities 
(Cozen), 605 

Postoperative cholorrhea (Keatiiig et 
ah), ISS 

and preoperative treatment of hj-per- 
tbyroidism, use of estrogenic 
substances in (Storck and Hol- 
combe), 703 

or secondary parotitis (Madding and 
Fricke), 45 

Precaneerous skin lesions and hemangi- 
omas, use of cold air blast on 
(Poppe), 460 

Preoperative and postoperative treat- 
ment of hyperthyroidism, use 
of estrogenic substances in 
(Storck and Holcombe), 703 
therapy, effects of, in obstructive jaun- 
dice, vitamin A content of 
plasma and hepatic tissue biop- 
sied at operation (Stewart and 
Eourke), 939 

Prevention a.nd treatment of experi- 
mental traumatic shock, com- 
parison of effects of local ap- 
plication of iieat and cold in 
(Blalock), 356 

Procaine injections of sympathetic 
nerves, value of skin resistance 
studies in determining accuracy’ 
of (Shumaeker), 949 

Prophylaxis of peritoneal adhesions 
(Boys), 118 
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Intraesopliageal anti oxtracsopliageal ap- 
proach combined, treatment of 
impenetrable esophageal stric- 
tures by (Drash and Wood- 
ward), S86 

Intraspinal endoscopy (Pool), 169 
Intravenous administration of whole bo- 
vine plasma and serum to man 
(Kremen et ah), 333 
glucose infusion, shock and hj’per- 
pyrexia induced by (Medoff 
and Burton), 596 
pentothal sodium anesthesia (Long 
and Ochsnor), 474 
theophylline with ethylene diamine 
(aminophi’lline) upon rate and 
depth of respiration (Sperling 
et ah), 600 
lodism, acute, during treatment of toxic 
goiter (Guptill), 962 
Ischemic extremity, relatively, use of re- 
frigeration combined with vaso 
dilatation to preserve vitality 
in (Ochsner), SI 9 (P) 


Jaundice, obstructive, effects of preop- 
erative therapy in, vitamin A 
content of plasma and hepatic 
tissue biopsied at operation 
(Stewart and Eourke), 939 
Jaundiced patient, cephalin-cholesterol 
flocculation test in (Nadler and 
Butler), 732 

Jaw, lower, function of, following par- 
tial resection (Young), 966 


Kidney, localiaation of bismuth in (ICrolI 
et ah), 810 


Lipodystrophy, intestinal, or Whipple’s 
disease (Pearse), 900 
Liver function, effect of bile salts on 
recovery of, after release of 
common duct obstruction 
(Berman et ah), 1 
hemangioma of (Shumacker), 209 
Localization of bismuth m kidney (Kroll 
et ah), SIO 

Ludwig’s angina (Taffel and Harvey), 

8^1 . -r 

Lung hemorrhagic cysts of; cases in 
^ which marsupialization was 
done (Gray and Skinner) 777 
malignant adenoma of (Adams et al.), 
503 




of rectum 

OO 


Malignant adenoma of lung (Adams et 
ah), 503 

meningiomas (Turner et ah), 81 
Mammary,^ carcinoma, spontaneous, in 
mice, influence of caloric re- 
striction upon incidence of 
(Vissclier et ah), 48 

Marsupialization, report of two cases 
done for hemorrhagic cysts of 
lung (Gray and Skinner), 777 
Masseter muscle, unilateral hvpertrophv' 
of (Coffey), 815 

Maxilla, fractures of (Waldron and 
Balkin), 183 

Mechanism of action of prostigmine on 
intestinal motility in human 
being and in dog (Schwartz 
et ah), 746 

Meckel’s diverticulum, peptic ulcer in, 
causing intrinsic intestinal ob- 
struction (Waugh et ah), 3S5 
Medical science, introduction to, 989 (B. 
Eev.) 

Meetings, review of recent, 496, 653, 832, 
987 

Meningiomas, malignant (Turner et ah), 
81 

Mice, spontaneous mammary carcinoma 
in, influence of caloric restric- 
tion upon incidence of, (Vis- 
seller et ah), 48 

Military and civil practice, traumatic 
injuries to peripheral vessels in 
(Gage), 983 (E) 

Mobilizing spleen, method of, in pres- 
ence of dense adhesions 
(Bives), 223 
Motility and gastrointestinal secretions 
following burns and their rela- 
tion to ulcer, experimental in- 
vestigation of (Neclicles and 
Olson), 751 

intestinal, mechanism of action of 
prostigmine on, in liuman be- 
ing and dog (Schwartz et ah), 

746 

Muscle, masseter, unilateral hypei trophy 
of (Coffey), 815 
Myeloscopy; intraspinal endoscopy 
(Pool), 169 

N 

Nephritis, exudative interstitial, pyelo- 
nephritis (Boll), 201 
Nerves, sympathetic, procaine injections 
of, value of skin resistance 
studies in determining iiceurney 
of (Shumneker), 9)9 
Nervous factor in etiology of shock in 
bums (Ivahat and Hedin), 760 
Neuroanatomy, 988 (B. Kev.) 

Nondiabetic and diabetic indiiiduals, 
surgical treatment of large car- 
buncles in (McLaughlin), 797 
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Spinal cord membranes and its roots, 
surgical diseases of, 069 (B. 
Rev.) 

pilonidal sinuses occurring over 
higher spinal segments involv- 
ing (Ivooistra), 63 

extradural cysts (Mayfield and Grant 
ham), 589 

segments, higher, pilonidal sinuses oc- 
curring over, involving spinal 
cord (Kooistra), 63 
Spleen, method of mobilizing, in presence 
of dense, adhesions (Rives), 223 
Splenectomy (Rives), 223 
Stomach, carcinoma of, in aged individ- 
uals, surgical treatment of 
(Bowers), 869 

and duodenum, ’Welch bacillus infec- 
tions arising from (Quinn et 
ah), 229 

obstruction of, due to congenital 
double septum with cyst forma- 
tion (Metz et al.), 5S6 
Strictures, impenetrable esophageal, 
treatment of, by combined in 
traesophageal and extraoso- 
phageal approach (Brash and 
Woodward), SS6 

Suction, intestinal, an evaluation of, in 
intestinal obstruction (Blod- 
gett), 7S9 

Sulfanilamide crystals, effect of, used 
topically, on fate of trans- 
planted bone (Horwitz), 690 

local implantation of, in peritoneal 
cavity and its clinical applica- 
tion in peritonitis (Tashiro ef 
ah), 071 

Sulfonamide drugs, action of, in experi- 
mental peritonitis, studies ir 
peritoneal protection with par- 
ticular reference to (Harvey 
et ah), 244 

Supracondylar fracture, reduction of, ir 
children (Hart), 33 
Surgeons, Society of University, 9S7 
Surgery of extremities, positioning in 
(Cozen), 005 

Surgical aspect.s of carotid .dnu-s re- 
flex in man (Ray and Stewart), 
915 

clinics of North America, 990 (B. 
Rev.) 

diseases of spinal cord membranes and 
its roots, 609 (B. Rev.) 

management of varicose vein.s; im- 
portance of indirddualization in 
choice of procedure (Harkins 
and Schug), 402 

physiology, recent, of pancreas (Sie- 
gel), 821 

treatment of careinoma of colon and 
return, recent advnncc.s in 
(Cattell and Sugarbaker), 614 
of stomach in aged individiinls 
(Bowers), SOO 


Surgical treatment— -Cont ’d 

of large carbuncles in diabetic and 
nondinbetic individuals (hlc- 
Laughlin), 797 

of spasmodic facial tic (German), 
912 

,Suture material, cotton, employment of, 
in field (Spnrlunnn and ITil- 
linms), 698 

Sympathetic nerves, procaine injections 
of, value of skin resistance stud- 
ies in determining accuracy of 
(Sliumacker), 949 

T 

Tctratliionato, sodium, and sodium thio- 
sulfate, clinical observations 
and arterial blood oxygen stud- 
ies during treatment of throm- 
boangiitis obliterans with 
(Theis and Freeland), 101 
Theophylline, intravenou.s, effect of, with 
ethylene diamine (aminophyl- 
line) upon rate and depth of 
respiration (Sperling ct ah), 
000 

Therapy, preoperative, effects of, in ob- 
.structive jaundice, vitamin A 
content of plasma and hepatic 
tissue biopsiod at operation 
(Stewart and Rourke), 939 
Thiosulfate, sodium and sodium tetra- 
thioaate, clinical observations 
and arterial blood oxygen stud- 
ies during treatment of throm- 
boangiitis obliterans with 
(Thehs and Freeland), 101 
Thoracoplasty, paravertebral, for treat- 
ment of pulmonary' tubcreulo.si.s 
(Adie et ah), 788 

Thromboangiitis obliterans (Thci.s and 
Freeland), lOX 

Thyroid disea.se, .skeletal manifc.stafion.s 
of (Bodenheimor and Bar- 
cham), 710 

Tic, facial, spasmodic, .surgical treat- 
ment of (German), .012 
Torticollis, congenital, scalenus anticiis 
factor in (Copland), 624 - 
Toxic goiter, acute iodism during treat- 
ment of (Guptill), 962 
Transfusion, therapeutics and technique 
of, and blood bank, 989 (B. 
Rev.) ^ 

Transplanted hone, fate of, effect of 
.sulfanilamide crystals, used 
topically (Horwitz), 690 
Transport and distribution of ga.s in 
gastrointestinal tract of infants 
and young children (Paine and 
Ncssa), 281 

Transthoracic Osophagognstrostomv 
(Holman and McSw.ain), 882* 
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J’rostigmiiic, mechanism of action, on 
intestinal motility in human be- 
ing- and dog (Schwartz et al.l, 
74G 

Pulmonary blood flow, effect of experi- 
mental atelectasis in dogs on 
(Iveeley and Gibson), 527 


embolism, experimental, dynamic 
changes in (iVegibow et al.), 19 
tuberculosis, paravertebral thoraco- 
plasty for treatment of (i^ie 
et al.), 7SS 

Pyelonephritis, exudative interstitial 
nephritis (Bell), 2G1 

Q 

Quick hippuric acid test, in hepatic func- 
tion (Campbell), 195 


n 

Bat-bite fever, two cases of (Bogliano), 
632 

Bectum and anus, congenital malforma- 
tions of (Harken), 422 
anus, sigmoid colon; diagnosis and 
treatment, 501 (B. Bev.) 
and colon, carcinoma of, recent ad- 
vances in surgical treatment of 
(Cattell and Sugarbaker), 644 

Beduction of supracondylar fracture in 
children (Hart), 33 

Beflex, carotid sinus, in man, observa- 
tions and surgical aspects of 
(Bay and Stewart), 915 

Befrigeration, use of, combined with 
vasodilatation to preserve vital- 
ity in a relatively ischemic ex- 
tremity (Ochsner), 819 (JJ) 

Benal hj-pertermion, acute (Quinby and 
Simeone), 544 

Beseetion, partial colonic, gastrointes- 
tinal motility in clog following 
ileocolostomy and (Kozoli and 
Hecheles), 3G0 

function of lower jaw following 
(Young), 966 

Bespiration, rate and depth effect of 
^ intraveiio'as tUeopUyllme wjtu 
ethylene diamine (aminophyl- 
line) upon (Sperling et al.), 
GOD 

restriction, caloric, influence of, upon in- 
eidence of spontaneous mam- 
nnrv carcinoTOti lu luice ( \ is- 
?chcr et ab), dS 


S 


*• .f i^rtor ja congenital 
Sealenusjnticus^ (Copland), 624 

science, medical, introdnclmn to, - - 

Seeonaar;^i-S.r-‘'" 


Secretion^ gastrointestinal, and motility 
following burns and their rela- 
tion. to ulcer (Hecheles and 
Olson), 751 

Segments, higher spinal, pilonidal sinuses 
occurring over, involving spinal 
cord (Kooistra), 63 

Septum, double, congenital, with cyst 
formation, obstruction of stom- 
ach due to (Metz et al.), 586 
Serum, and whole bovine plasma to wan, 
intravenous administration of 
(Kremen et al.), 333 
Shock, in burns, nervous factor in etiol- 
ogy of (Kabat and Hedin), 766 
experimental traumatic, comparison of 
effects of local application of 
heat and Cold in prevention and 
treatment of (Blalock), 366 
and hyperpyrexia induced by intra- 
venous glucose infusion (Medoff 
and Burton), 596 

Sigmoid colon, anus, rectum: diagnosis 
and treatment, 501 (B. Kev.) 
Sinuses, pilonidal, occurring over higher 
spinal segments involving spinal 
cord (Kooistra), 63 
Skeletal manifestations of thyroid dis- 
ease (Bodenheimer and Bar- 
chnm), 710 

Skin grafting, treatment by, for cerebral 
fungus (Hyndman), 400 
resistance studies, value of, in deter- 
mining accuracy of procaine in- 
jections of sympathetic nerves 
(Shuinacker) , 949 

Skull, major, -wounds of, treatment of 
(Hyndman), 466 

Society of TTniversity Surgeons, 987 

Sodium anestliesia, pentothiil, intra- 
venous (Long and Ochsner), 

474 

tetrathionate and sodium thiosulfate, 
clinical observations and ar- 
terial blood oxygen studies dur- 
ing treatment of thrombo- 
angiitis obliterans with (Theis 
and Freeland), 101 
thiosulfate, and sodium tetrathionate, 
clinical observations and ar- 
terial blood oxygon studies dur- 
ing treatment of thrombo- 
angiitis obliterans with (Tlieis 
and Freeland), 101 

Southern Medical Association, meeting 
of. Urological Section of, St. 
Louis, Mo., Kov. 12 & 13, 1941 
(Spence), 496 

Svirgical Association meeting, Dec. 9- 
II, 1941, Piiiehar.st, N. C., re- 
view of (Poor and Horsley), 

653 

Spasmodic facial tie, .surgical treatment 
of (German), 912 

Sphincter nieohanism of common bile 
duct in human s ii b j e c t .s 
(Bergh), 299 
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Traumatic injuries to periplieral ves- 
sels in both civil and military 
practice (Gage), 983 (E) 
shock, experimental, comparison of ef- 
fects of local application of 
heat and cold in prevention 
and treatment of (Blalock), 
356 

• Treatment of patient past fifty, 988 (B. 
Eev.) 

surgical, of carcinoma of colon and 
rectum, recent advances in 
(Cattell and Sugarbaker), 644 
of stomach in aged individuals 
(Bowers), .869 

of spasmodic facial tic (German), 
912 

Tuberculosis, pulmonary, paravertebral 
thoracoplasty for treatment of 
(Adie ot ah), 788 

Tumors, bone, with reference to their 
treatment (Copeland), 436 
of lung, carcinoma-like, with long clin- 
ical course (Adams et ah), 503 

U 

Ulcer, experimental investigation of gas- 
trointestinal secretions and mo- 
tility following burns and their 
relation to (Necheles and Ol- 
son), 751 

peptic, in Meckel’s diverticulum caus- 
ing intrinsic intestinal obstruc- 
tion (Waugh et ah), 385 I 

Unilateral hypertrophy of masseter mus- 
cle (Coffey), 815 I 


Urological section of Southern Medical 
Association, meeting of, St. 
Louis, Mo., Nov. 12. & 13, 1941 
(Spence), 496 

V 

Varicose veins, surgical management of, 
importance of individualization 
in choice of procedure (Harkins 
and Schug), 402 

Vasodilatation, use of refrigeration com- 
bined with, to preserve vitality 
in a relatively ischemic extrem- 
ity (Ochsner), 819 (E) 

Veins, varicose, surgical management of, 
importance of individualization 
in choice of procedure (Har- 
kins and Schug), 402 

Vessels, peripheral, traumatic injuries ‘ 
to, in both civil and military 
practice (Gage), 983 (E) 

Vitamin A content of plasma and he- 
patic tissue biopsied at oper- 
ation; effects of preoperative 
therapy in obstructive jaundice 
(Stewart and Eourke), 939 

W 

Welch bacillus infections arising from 
stomach and duodenum (Quinn 
et ah), 229 

IVliipple’s disease, or intestinal lipodys- 
trophy (Pearse), 906 

Wounds of skull, major, treatment of 
(Hyndman), 466 




